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INTRODUCTION 
Heavy losses are suffered each year by the various livestock interests 
throughout the southwestern part of the United States owing to the de-
structive activities of the screw worm flies, Cochliomyia americana C. & P. 
and C. macellaria Fab. Babcock and Bennet (1) estimated this damage at 
$4,000,000 annually. Parman (8) states that the loss in some years has 
been estimated at $5,000,000, and according to Laake and Cushing (7) 
southwestern ranchmen estimated the losses in 1928 due to the screw 
worm and fleece worm at $10,000,000. 
Screw worm flies are strongly attracted to the slightest wound or dis-
eased tissue of an animal. Either the living or the necrotic tissues of the 
host are favorable sites for the deposition of eggs. The feeding of the re-
sulting larvae causes a rapid destruction of the tissues involved and very 
often death within a few days if treatment is not promptly administered. 
Parman (8) reports the results of extensive experiments with larvi-
cides for killing the larvae in wounds of animals. Bishopp et al. (2), Par-
man et al. (9) (10), and Laake et al. (6) studied the chemotropic responses 
of screw worm flies to numerous chemicals with the object of finding a 
material suitable for wound application and of a strong and lasting re-
pellent power for the protection of the wound from reinfestation. Their 
studies have yielded valuable information on suitable materials for the 
destruction of the larvae in the wound and the protection of the wound 
from reinfestation for a reasonable length of time. Bishopp et al. (3) also 
point out the necessity of range sanitation to prevent the breeding of 
myiasis-producing species of flies and suggest modifications in the meth-
ods of range management in order to reduce myiasis during the screw 
worm season. 
No quantitative data on the predisposing causes of myiasis or the 
feasability of controlling myiasis-producing flies by large scale, systematic 
1 Part of a thesis presented to the faculty of the Graduate College, Iowa State 
College, in partial fulfillment of the requirements for the degree of Doctor of Phil-
osophy, March, 1933. 
• Senior entomologist. 
The writer is greatly indebted to E. C. Cushing, Senior Entomologist, and H. E. 
Parish, Assistant Entomologist, Bureau of Entomology and Plant Quarantine, United 
States Department of Agriculture, for collecting much of the data presented herein. 
To over 75 ranchmen of Menard County Texas, he is indebted also, for the thousands 
of case records which they supplied. Without their wholehearted cooperation this 
investigation would not have been possible. 
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trapping have been reported. Considering the great economic importance 
of screw worms and the lack of reliable information on these phases of the 
problem, it was evident that a more extensive study was urgently needed. 
During the screw worm seasons of 1929 to 1933, inclusive, a rather 
extensive study of the predisposing causes of myiasis in domestic animals 
was conducted; during 1931 to 1933, inclusive, the effect of systematic 
trapping on the incidence of myiasis was investigated. Studies designed 
to test the efficiency of several types of blowfly traps and to determine de-
sirable trap locations also were conducted during the seasons of 1929 to 
1933, inclusive, but those data will appear elsewhere. 
METHODS, MATERIALS, AND DESCRIPTION OF THE AREA INVOLVED 
In the study designed to determine the predisposing causes which 
render animals susceptible to attack by screw worm flies, more than 75 
ranches located in Menard, Kimble, and Schleicher Counties, Texas, con-
stituted the locality in which this investigation was made. Each ranch 
operator was provided with printed forms on which to record new cases 
of myiasis. The data recorded on each case consisted of the date, class 
of animal infested, and predisposing cause of the infestation. The injury 
sustained or the condition responsible for each new case was determined as 
nearly accurately as possible by the ranchman. The age of the animal 
and the methods locally employed for the handling of animals of different 
ages constituted the basis for the grouping of animals of the same or 
closely related species into different classes. 
The flytraps used were those generally known as the "Government, 
all-metal, cone type" described by Bishopp (4). Gray enameled bait 
pans, three and three-fourths to four inches deep by 13 inches in diameter 
at the top, with a bait capacity of approximately 6 quarts, were used. The 
bait consisted of fresh goat or sheep meat and water. Nicotine sulphate at 
the rate of 3 to 4 cc. per gallon of water was added to the bait to prevent 
the development of larvae in the bait pans. The amount of bait used for 
each trap and the baiting schedule adopted for each of the three seasons 
were as follows: Two pounds of meat and approximately 6 quarts of water 
containing the nicotine sulphate were placed in each bait pan at the begin-
ning of the season. The pans were cleaned and rebaited at 14- to 26-day 
intervals, depending upon temperature and rate of evaporation. One 
pound of meat and the amount of evaporated water were added on the 
seventh to thirteenth day, or about the middle of the bait-exposure period. 
No nicotine sulphate was added to the water used for the refill. The rate 
of decomposition of the meat and evaporation of the water is greatly ac-
celerated by the heat during the summer months or during extended 
periods of continuous high winds. It is obvious, therefore, that to secure 
the greatest efficiency from the trap throughout the variable climatic sea-
sons of screw worm activity no predetermined schedule could be followed. 
For most of the trapping period, however, it was found necessary to ad-
here to the shorter of the rebaiting schedules indicated above. 
Each trap was placed on a triangular wooden platform nailed ap-
proximately 4 feet above the ground between two trees. The legs of the 
trap were fastened to the platform to avoid its being disturbed by animals 
or high winds. The locations were carefully selected, and the trap plat-
forms were made level and fastened to trees of sufficient size to avoid any 
SCREW WORM FLIES AND PREVENTION OF MYIASIS 347 
considerable amount of swaying during high winds with consequent spill-
ing of the bait. 
The area on which traps were used consisted of 154,879 acres in 1931, 
155,679 acres in 1932, and 152,479 acres in 1933. This area is in the Ed-
wards Plateau region and is comprised of typical west Texas ranch land 
in the northwestern part of Menard County, Texas, along the north side 
of the San Saba River, which properly begins in springs in the vicinity of 
Fort McKavett, situated at the southwestern corner of this area. The 
elevation ranges from 1,950 to about 2,200 feet above sea level. The rain-
fall averaged approximately 22.8 inches per year for 6 years, according 
to unofficial local records. The topography ranges from gently rolling and 
hilly to moderately rough and broken land. The ridges and often the hill-
sides throughout this area are very stony. There are few running streams 
other than the San Saba River, but numerous shallow, dry creeks and 
draws separate the hills. The vegetation consists of clustered and scat-
tered live oak, shin oak, and mesquite trees of small to medium size, and 
various small, thorny shrubs. Various weeds and grasses grow luxuriantly 
along the draws and hillsides when rainfall is sufficient. Buffalo grass, a 
turf grass, is the principal forage plant for cattle and sheep in this area. 
The non-grass-like plants that also serve for forage are largely milk 
vetches (Astragalus), plantains (Plantago), tallow-weed (Amblyolepsis), 
and daisies (Aphanostephus). Late in the winter and early in the spring 
certain annual grasses, such as fescue, a species of Trisetum, and rescue 
grass, form the important forage plants. There is little cultivation, less 
than one per cent, in the area in question. 
Six hundred and sixty-four traps were rather uniformly distributed 
over the test area at an average spacing of one trap for approximately 
every 232 acres, or nearly 2. 76 traps per section based on the 1932 and 
1933 average. The traps were operated from March 1 to October 31 of 
each of the three years. Approximately every 21 days all the dead flies 
that had accumulatd in the traps were removed and measured. 
The control or untrapped area consisted of 144,860 acres in 1931, 
172,000 acres in 1932, and 113,580 acres in 1933. The ranches in this area 
were somewhat scattered and were situated in the southern portion of 
Menard County, in the northern portion of Kimble County, and in the 
west central portion of Schleicher County. The elevation, topography, 
vegetation, precipitation, etc., in the localities in which the various ranches 
comprising the non-trapped area were located are very similar to those in 
the trapped area. Also, the management of the ranches and the seasonal 
range practices are very similar. 
The animal population of every ranch was recorded at monthly inter-
vals and averaged at the end of the season for each class of animal on 
each ranch in both areas. 
All cases of myiasis in both areas were recorded on the cards de-
scribed above. These records were collected from each ranch approxi-
mately every 6 to 8 days throughout the season. The person on each ranch 
detailed to the duty of determining the predisposing causes of myiasis and 
keeping the records was considered competent in most cases to perform 
these tasks. Occasionally, however, cases were not promptly recorded 
and it was, therefore, made a rule to question the record keeper weekly on 
each ranch to ascertain if all cases were recorded. If the case records 
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were not complete, a record for each of the cases missed was then made. 
The person questioned usually was able to give a complete history of the 
unrecorded cases, but in case of doubt as to the predisposing cause of the 
infestation or the class of animal infested the record was marked as ques-
tionable and was not included in the data dealing with the predisposing 
causes. 
EXPERIMENTAL DATA 
The experimental data are presented in two parts: (a) Predisposing 
causes of myiasis; (b) systematic trapping of screw worm flies. 
PREDISPOSING CAUSES OF MYIASIS 
The purpose of this investigation was to determine the predisposing 
causes of myiasis and their relative importance in seven classes of domes-
tic animals. These data should be useful as a basis for recommending such 
modifications of range practices as would result in the reduction of the 
number of screw worm cases. The general data for the field of the ex-
periments are given in table 1. 
TABLE 1. Number of ranches and of acres, average number of animals, and number 
of screw worm cases, 1929-1933 
Average monthly Number of Percentage 
Number of Number of animal popu- screw worm of animals 
Year ranches acres la ti on cases infested 
1929 35 176,185 116,361 3,332 2.86 
1930 34 167,879 104,386 1,442 1.38 
1931 70 299,739 187,050 4,055 2.17 
1932 68 327,679 193,444 8,315 4.30 
1933 72 266,059 194,978 4,094 2.10 
In every case where the predisposing cause was uncertain, owing to 
the fact that the infested animal was not found until the infestation had 
spread and the destruction of the tissues had become so extensive that the 
nature of the predisposing cause was no longer evident, it was recorded as 
unknown. Such unknown predisposing causes are not included in table 2 
or the graphs. Table 2 shows all the predisposing causes and the number 
of cases of myiasis due to each predisposing cause in the seven classes of 
animals, and figure 1 shows the principal predisposing causes and their 
relative importance as recorded during the period from March 1 to Oc-
tober 31 of the five years in question. 
In view of the great number of cases recorded and the number of 
years during which the observations were made, it is probable that all the 
locally common and most of the unusual predisposing causes of myiasis in 
seven classes of animals as shown in table 2 have been established. It 
should be remembered, however, that since environments differ in various 
parts of the area affected by screw worm flies, predisposing causes other 
than those listed herein might be encountered. For example, in a limited 
area along the Gulf Coast it is a well-known fact that one of the most com-
mon predisposing causes of myiasis in several classes of animals is the 
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TABLE 2. Predisposing causes of myiasis and incidence of each in seven classes of 
domestic animals 
Causes of myiasis in classes of animals 
Horses 
and 
Predisposing causes Sheep Lambs Goats Kids Cattle Calves mules 
Number 
Accidental injuries 285 84 283 44 209 105 74 
Beggar lice (seed) 1 21 6 17 3 0 0 0 
Birth 116 110 17 49 209 2,769 20 
Boils 44 1 442 4 13 19 1 
Branding 0 0 4 0 9 26 1 
Broken horn 19 3 44 3 9 4 0 
Broken leg 0 1 5 0 0 0 0 
Brush scratches 19 10 369 26 7 1 4 
Cancer eye 0 0 0 0 67 3 0 
Castrating 1 91 17 48 4 509 1 
Dehorning 37 1 0 0 35 459 0 
Docking 0 404 0 0 0 0 0 
Dog or hog bite 5 1 6 4 4 0 0 
Fighting 1,779 3 14 0 14 0 0 
Genitalia injuries 3 0 0 0 6 0 37 
Hooked by cattle 3 0 6 1 797 137 1 
Horn flies 749 135 22 1 382 159 0 
Horse flies 0 0 0 0 61 11 0 
Lice 1 4 75 13 0 0 0 
Marking 3 234 0 60 1 48 0 
Needle grass 1,999 713 74 4 0 2 0 
Old sores 7 0 2 0 2 1 0 
Ox warble 0 0 0 0 6 0 0 
Pink eye 0 1 0 0 6 1 0 
Prickly pear (cactus) 153 9 20 0 1 0 0 
Rock-bruised feet 9 0 1 0 0 0 1 
Rope burn 0 0 0 0 1 1 9 
Saddle sores 0 0 0 0 0 0 1 
Scours 0 0 2 0 0 2 0 
Shear cuts 768 27 3,521 187 0 0 0 
Snagged 4 0 1 0 8 0 6 
Snake bite 0 0 0 0 3 2 1 
Sore mouth 470 381 17 7 0 1 0 
Spaying 0 0 0 0 0 0 1 
Stud bites 0 0 0 0 0 0 4 
Ticks 1 0 3 0 1 4 0 
Tooth decay 0 1 1 1 0 0 0 
Udder injuries 49 0 39 0 17 0 0 
Warts 0 0 24 0 15 11 0 
Wire cuts 7 0 19 0 73 29 264 
Total 6,552 2,220 5,045 455 1,960 4,304 I 426 
1 Daucus pusillus. 
injury produced by the Gulf Coast tick, Amblyomma maculatum Koch. 
This tick does not appear elsewhere. 
The relative importance of the predisposing causes of myiasis also 
was well established for each of the seven classes of animals. This is 
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shown by the diagrams in figure 1. Since there are many local or sectional 
variations in the area affected by the screw worm flies, the most common 
predisposing causes will no doubt vary somewhat in different localities, 
but in view of the fact that most of the environments encountered in the 
test area are very similar to those existing over millions of acres of ranch 
land in the livestock areas of western and southwestern Texas, the results 
that were obtained in the area in question are applicable to most of the 
affected territory in the state. 
The information obtained concerning the contributing factors respon-
sible for the various predisposing causes indicates that it is possible to re-
duce greatly or eliminate some of these. In order to avoid confusion, it 
seems advisable to discuss separately the factors responsible for each of 
the various predisposing causes for each class of animal 
Sheep.-Over 30 per cent of all myiasis in sheep was reported as hav-
ing been caused by needle grass (Aristida). The needle-shaped seeds of 
this grass become imbedded in the wool of the animal and irritate the 
tissues, with the result that the animal becomes susceptible to attack. 
Since abundant growth of needle-grass is usually associated with a light 
and tight type of soil, often brought about by over-stocking and subsequent 
erosion, it will always be a serious factor during years of abundant rain-
fall. It is a well-known fact, however, that timely and proper stocking of 
needle-grass pastures will greatly reduce the amount of seed formed and 
somewhat reduce the myiasis incidence due to it. It is known also that 
shearing the wool from the face and lower parts of the legs, where most 
of the needles become imbedded, will result in a marked decrease of 
myiasis from this source. It is claimed that the loss in the prematurely 
clipped wool and the labor involved is less than that occasioned by the 
injuries from screw worms and from the labor and material required for 
treating and caring for the infested animal. 
Fighting, responsible for 27 per cent of all myiasis in this class, oc-
curs mostly among bucks, and the wounds so sustained are confined to the 
head. Dehorning has not relieved the situation, but the breeding of horn-
less strains has possibilities. The separation of the habitual fighters from 
the rest of the bucks in the flock has helped somewhat, but has not proved 
practicable, according to ranchers who have tried this practice. No really 
practicable preventive methods are known. It would seem, therefore, 
that fighting among bucks is not a predisposing cause that can be reduced 
materially. 
Shear cuts have been found to be responsible for over 11 per cent of 
all cases of myiasis among sheep. In sheep and goat raising sections of the 
affected area much of the shearing is done at a stipulated price per animal. 
In order to obtain the maximum daily wage, the shearing is done as rapidly 
as possible and usually with a disregard for minor shear cuts in the tissues 
of the animal. Furthermore, with a few exceptions, the injuries so sus-
tained by the animal are not treated with a repellent to protect the wound 
from fly attack. It is obvious that even the best shearers will occasionally 
cut an animal and thereby predispose it to screw worm attack, but in the 
area in question it is quite certain that in the majority of cases the wound-
ing of the animals is caused by the type of clipper used, the haste and 
carelessness of the operator, and the lack of an application of a good repel-
lent to the wounds before the animals are liberated from the shearing 
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Fig. 1. Diagram showing percentage contribution to total principal predisposing 
causes of myiasis in . seven classes of domestic animals in Menard County, 
Texas, 1929-1933. 
pens. If these underlying factors are eliminated, it would seem reasonable 
to expect at least a 75 per cent reduction of myiasis due to shear cuts. 
Horn flies (Haematobia irritans L.) are a predisposing cause for 11 
per cent of myiasis cases in this class of animal. Methods commonly prac-
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ticed for the control of this fly on dairy cattle are not practicable for sheep 
under range conditions. Feasible methods of control of the horn fly under 
range conditions are unknown; therefore, it is at present impossible to 
reduce screw worm cases arising from its injuries. 
Sore mouth (contagious ecthyma) , a disease of sheep and goats, is 
the predisposing cause of over 7 per cent of all cases of myiasis in this 
class. Vaccination for the control of this disease is feasible but not yet 
practiced except on badly infected ranches. The number of cases resulting 
from this predisposing cause is, therefore, subject to reduction. 
Accidental injuries are responsible for approximately 5 per cent of all 
myiasis cases in sheep. Since man has little control over such injuries, the 
reduction of myiasis due to this predisposing cause is not likely to be 
realized. 
Prickly-pear injuries are usually confined to relatively few animals, 
and, in most instances, are due to the eating of the fruit and the so-called 
leaves of the plant. The spines cause the injury which induces attack by 
screw worm flies. To eliminate this predisposing cause of myiasis the 
habitual cactus feeders, in regions where no cactus-free land is available, 
should be marketed. 
Birth as a predisposing cause of myiasis is found only on poorly man-
aged ranches where bucks are permitted to breed the ewes at a time when 
the resulting lambs drop during the screw worm season. This predisposing 
cause is preventable. 
Among the less frequent predisposing causes of myiasis in sheep are 
the operations of dehorning, marking, and castrating. These will not pre-
dispose the animals to attack if they are performed at a time other than 
during the screw worm season and such causes are, therefore, subject to 
elimination. 
Lambs.-What has been said of sheep with reference to the possibility 
of reducing or eliminating predisposing causes of myiasis such as needle 
grass, sore mouth, marking, birth, castrating, shear cuts, dehorning, and 
prickly pear, also applies to this class of animal. 
In addition to those mention in the foregoing, docking is one of the 
more common predisposing causes of myiasis for this class. It is respon-
sible for over 18 per cent of the cases recorded, but is subject to elimination 
since this operation can be done at a time when screw worm flies are not 
present. 
Goats.-Over two-thirds of all predisposing causes of myiasis in goats 
are shear cuts. As stated in the discussion of sheep, the wholesale in-
juries in shearing are due to the type of clippers used by the shearers, the 
shearers' disregard of minor skin cuts in their haste to make the maxi-
mum wage, and the lack of an application of a good fly repellent to the 
wounds of the animal before it is liberated from the shearing pens. If 
these careless practices are discontinued, it seems certain that at least 75 
per cent of the cases of myiasis caused by shear cuts will be eliminated. 
Other predisposing causes that are subject to reduction or elimination 
are birth, castrating, and branding, since they can be timed or performed 
when screw worm flies are not active. 
Lice as a predisposing cause can and should be totally eliminated. The 
eradication of lice by the well-known dipping method is practical and also 
of great economic importance on account of the severe and destructive 
injury to mohair by the lice. 
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Kids.-In this class, shear cuts, marking, birth, castrating, and lice 
are responsible for over 75 per cent of all myiasis. The means or methods 
for the reduction or elimination of these predisposing causes of myiasis 
pointed out in the discussion of sheep, lambs, and goats will apply also to 
this class. 
Cattle.-The most common predisposing cause of myiasis in this class 
is injuries sustained from hooking while the animals are grazing in close 
quarters, crowded in pens, or crowded at feed or water troughs. Such in-
juries do not occur among dehorned animals. It seems clear, therefore, 
that the most common predisposing cause of myiasis in cattle is subject to 
elimination if all animals, excepting show stock, are dehorned while they 
are young and at a time of the year when blowflies are not present. More-
over, dehorning calves while they are very young is universally considered 
to be essential for the development of better beef animals. 
Birth is responsible for over 10 per cent of all cases of myiasis in this 
class. Its occurrence at a time when screw worm flies are present predis-
poses both cow and calf. Furthermore, a beef calf born late or during the 
screw worm season is too young to be weaned the following winter and 
consequently the cow is compelled to nurse the calf when the range feed 
is usually insufficient to supply nourishment for her own normal require-
ments. Disease due to a greatly lowered resistance in a weakened and 
undernourished cow is often the result in these cases. The solution of this 
problem, together with the elimination of myiasis at birth, depends, there-
fore, on the selection of the proper time for the breeding period of the cows. 
Other predisposing causes of myiasis subject to elimination are de-
horning, branding, castrating, and marking. All these operations can and 
should be performed during the period when screw worm flies are absent. 
Calves.-Nearly two-thirds of all cases of myiasis in this class are due 
to birth. Almost every calf dropped during the height of the screw worm 
season and a considerable percentage born at the beginning of the fly 
season become infested in the navel, and the animal, by licking the wound, 
transfers to the mouth worms which enter and destroy the gums. If the 
worms are not promptly removed, the teeth in the affected area are lost. 
Then dehorning, castrating, and, when necessary, branding and marking, 
must naturally follow soon after birth and at a time when they constitute 
excellent predisposing causes of myiasis. It is evident, therefore, that 
for the elimination of myiasis due to birth and certain operations which 
must follow, the selection of a proper time for the breeding period becomes 
of utmost importance for both the cow and the calf. Furthermore, from 
the livestock buyer's view, a so-called late calf is not ready for the feeder 
the following winter and is rejected or bought at a reduced price. It is 
true that even on the best-managed ranches a few cows are bred by a 
stray bull at a time which will result in a birth during the screw worm 
season. When this happens, myiasis after birth can be largely eliminated 
if dehorning, marking, and branding are delayed until the next worm-
free period and if castration is performed with a Burdizzo type emascu-
lator, which does not inflict a wound. 
Horses and mules.-Wire cuts are the predisposing cause of over 61 
per cent of all myiasis in this class. The careless scattering of barbed wire 
from fences which have been replaced during recent years by wolf-proof 
fencing for the protection of lambs and kids is apparently responsible for 
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the high incidence of this predisposition. This appears to apply only to 
the sheep and goat raising section of the State. The elimination of this 
careless practice, however, should not be overlooked in the consideration 
of methods aimed at the reduction of predisposing causes of myiasis for 
this class of animal. 
The adoption of modified range practices as suggested under the other 
classes of animals listed above applies to this class for the reduction or 
elimination of myiasis due to birth and all man-made wounds. 
SYSTEMATIC TRAPPING OF THE SCREW WORM FLIES• 
The principal objective of this second investigation was to determine 
the effect of systematic trapping of the screw worm flies on the incidence of 
myiasis in domestic animals. During the three seasons when this study 
was made the test varied only in so far as unavoidable changes were con-
cerned with reference to acreage and total animal population and concen-
tration in the trapped and control areas. The number of acres, average 
number of all animals per month and per acre, number of traps, number of 
screw worm cases, and percentage of infestation among all animals in each 
of the two areas are given in the form of a condensed summary for each of 
the three years in question in table 3. Figure 2 shows the distribution of 
the traps in the test area. The 33,508 quarts of flies caught during one sea-
son (1932) are shown in figure 3. It has been estimated that 20 per cent of 
the flies are either destroyed in the traps by dermestid beetles or are 
TABLE 3. Number of acres, animal population and concentration, number of traps, -
number of screw worm cases, percentage infestation of all animals, and percentage 
infestation ratio in the trapped and control areas for the period March 1 to October 31, 
1931 to 1933, inclusive 
Num- Num- Percent-
Number her of her age in-
Year of animals animals Number of cases festation Percentage 
and Number (average (average of traps in all of all infestation 
area of acres per month) per acre) inarea animals animals ratio 
1931 
Trapped 154,879 104,789 .68 661 1,654 1.58 
Control 144,860 82,261 .57 0 2,401 2.92 1 to 1.85 
1932 
Trapped 155,679 122,982 .79 664 4,186 3.40 
Control 172,000 70,462 .41 0 4,129 5.86 1 to 1.72 
1933 
Trapped 152,479 124,292 .82 656 1,695 1.36 
Control 113,580 70,686 .62 0 2,399 3.39 1 to 2.49 
• Since the studies reported in this paper were completed Cushing and Patton (5) 
discovered that there are two species of screw worms which previously had been con-
fused under the name Cochliomyia macellaria. They named the new species americana 
and suggested that it probably feeds and oviposits on living tissue only and is not at-
tracted to meat baits. During the season of 1934, however, the writer caught both 
species in meat-baited traps in the same area where the above tests were made, the 
proportion being one americana to 2,427 macellaria. This ratio may or may not indi-
cate their relative abundance in nature in the area tested. During the same season 
macellaria was found infesting wounds in domestic animals. The true economic status 
of this species has not been determined. 
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Fig. 2. Distribution of the flytraps in the test area. 
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killed by the larvicide in the bait before they enter the traps and are 
therefore not measured. If this 20 per cent were added to the measured 
catch, the total would exceed 40,000 quarts of flies destroyed in the trapped 
area during that season. 
In the test in 1931 to determine the effect of systematic trapping of 
screw worm flies on the incidence of myiasis in domestic animals, the per-
centage of screw worm infestations in the trapped area was 1.58 among 
104,789 animals as compared with 2.92 per cent among 82,261 animals of all 
classes in the control area. In 1932 these percentages were 3.4 and 5.86, 
respectively, and in 1933, 1.36 and 3.39, respectively. It is obvious that 
slight variations must exist in two areas as large as these in question, but 
it is not likely that they would constitute more than a small relative vari-
ation in the aggregate. There appears to be no factor other than the 
operation of the flytraps to account for the reduction in the percentage 
of infestation in the trapped area. It should be noted that although the 
percentage of infestation in 1932 was slightly more than double that of 
1931 (table 3), the proportion of the reduction of myiasis in the two areas 
remained virtually the same. This seems to indicate that trapping is 
equally effective during years of mild or of moderately heavy incidence 
of myiasis. 
The results obtained in this test indicate that large-scale, systematic 
trapping has considerable merit as a supplemental method for controlling 
screw worm flies. However, the expense of the operation as carried out 
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in this experiment is too great to justify its recommendation for general 
adoption. Fly trapping may have a distinct practical value if a more at-
tractive bait for Cochliomyia americana is found and if a cheaper method 
of operation is developed. 
SUMMARY 
Losses estimated at $5,000,000 annually have been caused by the 
screw worm fly, Cochliomyia americana, in the Southwest, the attack by 
the flies being made possible by wounds or sores. 
The author, in making a five-year study of the predisposing causes 
of attack on more than 75 ranches in Menard County, Texas, found that 
among sheep and lambs wounds caused by needle grass gave occasion for 
attack by the flies more than any other one cause; among goats and kids 
the predominating cause was shear cuts; among cattle it was injuries by 
the horns of other cattle. Calves suffered most as a result of exposed 
tissue at birth, and horses and mules from wire cuts. 
Several of the more common causes of attck are due to ranch prac-
tices that can be changed or better timed. Particularly stressed are 
greater care in shearing, dehorning of cattle while they are young, re-
moving and disposing of old barbed wire from dismantled fences instead 
of leaving it on the ground, and the timing of dehorning, castrating, and 
branding of animals, and of breeding, so that as little as possible of open 
sores or wounds will be exposed to the flies during the season of their 
abundance. 
The percentage of infestation was found to range from 1.38 in 1930 
to 4.30 in 1932. The possibility of reducing this infestation by trapping 
the flies was tried out over an area of approximately 155,000 acres of 
ranch land in Menard County, Texas. The apparent reduction in per-
centage of infestation, as compared with that on a similar area of about 
equal size in the same vicinity, was from 2.92 to 1.58 in 1931, from 5.86 to 
3.40 in 1932, and from 3.39 to 1.36 in 1933. 
Trapping seemed equally effective in years of mild or moderately 
hea'Vy infestation. The expense of trapping as carried out in thes tests, 
however, is too great to justify a recommendation for its general use. If 
a more attractive bait for Cochliomyia americana is found and if a cheaper 
method of operation is developed, fly trapping may become of distinct 
practical value as an aid to the control of this serious pest of livestock. 
( 1) 
( 2) 
( 3) 
( 4 ) 
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PLATE I 
Thirty-three thousand five hundred eight quarts of files caught in 664 traps during 
the period March 1 to October 31, 1932, on 155,679 acres of ranch land in Menard 
County, Texas. The two trappers shown in the picture, Mr. S. M. Perry (left) 
and Mr. D. C. Thurman, took care of all the traps. 
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SEASONAL APPEARANCE AND RELATIVE ABUNDANCE OF 
FLIES ATTRACTED TO BAITED TRAPS 
w. G. BRUCE AND E. F. KNIPLING 
From the Division of Insects Affecting Man and Animals, Bureau of Entomology and 
Plant Quarantine, United States Department of Agriculture 
Accepted for publication February 19, 1936 
Systematic fly trapping in the vicinity of Ames, Iowa, was carried on 
during 1933 and 1934 to determine the date of appearance and the relative 
and seasonal abundance of the various species of flies attracted to traps 
baited with liver. Roberts (1) operated fly traps in the vicinity of Ames, 
Iowa, from October 1, 1927, to May 5, 1928, but no published records of 
fly trapping studies in the Middle West during the summer months have 
been noted. 
Four standard, cone type, screen fly traps (2) were placed approxi-
mately 150 yards apart, on the laboratory premises in the following loca-
tions: (1) Attached to the side of the barn; (2) on a fence post in an un-
shaded place near a small stream; (3) five feet above ground on the trunk 
of a large walnut tree close to the city dump and bordering a woodland; 
and (4) on a fence post near the center of a 20-acre pasture. 
Each trap was baited with 2 pounds of pork liver, except in relatively 
few cases where pork liver was not available. In such cases beef liver 
was used. Enough water was added to fill the bait pan. In 1933 the traps 
were emptied every 7 days and the bait was renewed every 14 days. In 
1934 the traps were emptied and the bait renewed every 10 days. The flies 
from each trap were measured volumetrically, and 500 flies were taken as 
a representative sample from the catch of each trap for the determining 
of genera or species. No sex determinations were recorded. The combined 
results from the four traps are used in the data for each season. 
SEASONAL APPEARANCE 
Two traps were started with the first appearance of flies on March 3, 
1933, and frequent observations were made thereafter to determine the 
date of appearance of the various species. Less frequent observations 
were made in 1934, but no appreciable differences in the dates of appear-
ance were noted. 
Table 1 gives a list of the flies trapped in 1933 and the dates of their 
appearance. 
SEASONAL ABUNDANCE 
The total catch of flies at regular 7-day intervals in 1933 is shown in 
figure 1, and the total catch at regular 10-day intervals in 1934 is shown 
in figure 2. The highest catch in 1933 from the four traps, 137 pints, was 
recorded for the period July 25-31; the next highest catch, 136 pints, was 
for the period July 11-17. The total catch for the 1933 season was 1,867 
pints. 
In 1934 the highest catch, 210 pints, was recorded for the 10-day period 
ending July 21, and the second highest catch, 198 pints, for the 10-day 
[361] 
362 W. G. BRUCE AND E. F. KNIPLING 
period ending August 10. The total catch for the 1934 season was 1,785 
pints. 
TABLE 1. List of flies trapped in 1933 and dates of their appearance 
Phormia regina Meig. 
Calliphora erythrocephala Meig. 
Pollenia rudis Fab. 
Scatophaga spp. 
Fannia spp. 
Muscina assimilis Fall. 
Cryptolucilia sp. 
Cynomyia cadaverina Desv. 
Lucilia sericata Meig. 
Muscina stabulans Fall. 
Musca domestica L. 
Calliphora coloradensis Hough. 
Hydrotaea dentipes Fab 
Lucilia illustris Meig. 
Sarcophaga female (undetermined) 
Sarcophaga lherminieri R. D. 
Chrysomyza demandata Fab. 
Lucilia sylvarum Meig. 
Ophyra leucostoma Wied. 
Sarcophaga haemorrhoidalis Fall. 
Protiophormia terraenovae Desv. 
Cochliomyia macellaria Fab. 
Sarcophaga ventricosa v. d. W. 
Sarcophaga bullata Park. 
Sarcophaga pusi-Ola v. d. W. 
Sarcophaga utilis Ald. 
Graphomyia maculata Scop. 
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Fig. 1. Total volume (pints) of flies caught in four cone type traps, Ames, Iowa, 1933. 
RELATIVE SEASONAL ABUNDANCE 
The most abundant species of flies in 1933 was Musca domestica, 
Phormia regina, Lucilia spp., Cochliomyia macellaria, and Cynomyia 
cadaverina. The relative seasonal abundance of these species is shown 
in figure 3. 
The relative seasonal abundance of the most abundant species for 
1934, Musca domestica, Phormia regina,- Cochliomyia macellaria, Lucilia 
spp., and Cynomyia cadaverina, is shown in figure 4. 
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COMPARATIVE ABUNDANCE 
Table 2 gives a list of the flies trapped and their relative abundance 
for 1933 and 1934. 
TABLE 2. Flies trapped and their relative abundance in 1933-1934 
Species 
Musca domestica 
Phormia regina 
Lucilia spp. 
Cochliomyia macellaria 
Cynomyia cadaverina 
Ophyra leucostoma 
Sarcophaga spp. 
Mucina spp. 
Hydrotaea dentipes 
Fannia spp. 
Scatophaga spp. 
Calliphora spp. 
Morellia micans 
Mydea sp. 
Pollenia rudis 
Protophormia terraenovae 
Cryptolucilia spp. 
Chrysomyza demandata 
Euxesta sp. 
Graphomyia maculata 
Synthesiomyia sp. 
Undetermined 
1933 
Percentage 
42.28 
39.56 
6.18 
3.29 
2.82 
2.52 
1.24 
0.68 
0.52 
0.52 
0.30 
0.24 
0.08 
0.00 
0.05 
0.03 
0.02 
0.02 
0.00 
0.01 
0.00 
0.48 
1934 
Percentage 
40.84 
25.03 
7.90 
10.88 
7.58 
1.29 
2.54 
0.08 
0.30 
0.74 
1.65 
0.00 
0.06 
0.04 
0.02 
0.10 
0.12 
0.01 
0.00 
0.01 
0.04 
Four species of Lucilia were collected in 1934. These, in order of their 
abundance, were: Lucilia sericata L. illustris, L. sylvarum, and L. (aus-
tralis Towns.) caeruleiviridis Macq. Four species of Calliphora were col-
lected in 1934, namely, Calliphora erythrocephala, C. coloradensis, C. viri-
descens Desv., and C. vomitoria L. Of these, Calliphora erythrocephala 
was most numerous and C. coloradensis and C. viridescens were present 
in about equal numbers. Only one specimen of C. vomitoria was taken. 
Twenty species of the genus Sarcophaga were collected during the two 
seasons, as follows: Sarcophaga bullata Park., S. stimulans Walk., S. im-
portuna Walk., S. pusiola v. d. W., S. haemorrhoidalis Fall., S. misera var. 
sarracenioides Ald., S. pectinati Ald., S. barbata Thom., S. planifrons Ald., 
S. utilis Ald., S. sinuata Meig., S. kellyi Ald., S. rapax Walk., S. ventricosa 
v. d. W., S. lherminieri R. D., S. latisetosa Park., S. cimbicis Towns., S. 
sulcata Ald., S. galeata Ald., and S. impar Ald. 
DISCUSSION 
The first flies trapped during the 1933 season were taken on March 3 
(table 1). Phormia regina was the first to appear. Other early-appearing 
species were Calliphora erythrocephala, Pollenia rudis, Scatophaga spp., 
Fannia spp., and Cynomyia cadaverina. Musca domestica, Lucilia spp., 
Sarcophaga spp., Cochliomyia macellaria, and other species made their 
appearance somewhat later. 
FLIES ATI'RACTED TO BAITED TRAPS 365 
Figures 3 and 4 show the comparative seasonal abundance of the more 
abundant flies. Musca domestica, Phormia regina, Lucilia spp., Cochlio-
myia macellaria, and Cynomyia cadaverina. It is interesting to note that 
Phormia regina is abundant during the early part of the season and gradu-
lly decreases during the remainder of the season. Musca domestica, on the 
other hand, is present in comparatively small numbers during the early 
part of the season, but shows a decided increase during the latter part of 
the season. The increase in numbers of M. domestica occurs at about the 
time that Phormia regina shows a decrease. Cynomyia cadaverina is pres-
ent in comparatively large numbers during the late winter and early 
spring, but practically disappears during the warmer months, and again 
shows a decided increase during the fall. The comparative abundance of 
Lucilia spp. does not show the fluctuation that is found in P. regina, M. 
domestica, and C. cadaverina. Cochliomyia macellaria is present in com-
paratively small numbers during the early part of the fly season and shows 
a gradual increase during the last half of the season. 
The comparative abundance of the various species of flies for 1933 
and 1934 is shown in table 2. The most abundant species, M. domestica, 
P. regina, Lucilia spp., Cochliomyia macellaria, and Cynomyia cadaverina, 
are the same for the two seasons. Musca domestica was the most numerous 
both seasons and the percentage of the total shows no significant differ-
ence for the two seasons. Phormia regina ranked second both seasons, but 
the percentage of the total catch was much less in 1934. In 1933 the per-
centage of the total was 39.56 and in 1934 it was 25.03 Lucilia spp. ranked 
third in 1933, with a percentage of 6.18, and fourth in 1934, with a percent-
age of 7.90. Cochliomyia macellaria showed a decided increase in 1934 
over 1933. For 1933 the percentage of the total was 3.29 and in 1934 it rose 
to 10.88. Cynomyia cadaverina ranked fifth in order of abundance in the 
two seasons; in 1933, however, the percentage of the total catch was only 
2.82 as compared with 7.58 for 1934. The five most abundant flies repre-
sented 94.13 per cent of the total in 1933 and 92.22 per cent of the total 
in 1934. 
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As a game animal and as food for several carnivores the cottontail 
rabbit in several species and many subspecies has recently come into 
greater prominence. The cottontail of central Iowa, and probably of all of 
the state, is Sylvilagus florid.anus mearnsi (Allen), according to Nelson 
(1909) and Stoner (1918). A deceased individual found on the road near 
the area of study reported in this paper meets the description of this sub-
species. In several counties of Iowa, hunters have not been able to find 
cottontails in satisfactory numbers in the past three winters, and conse-
quently, among others the author has been called to devise concrete prac-
tices that may bring about an increased population of this rabbit. 
Inquiry into the causes of the decline in the rabbit population has not 
yielded much evidence. Mr. Myrle L. Jones of Pomeroy, Iowa, reports 
that of 54 cottontails taken in northwest counties during the winter of 
1933-1934, 35 individuals had the wart disease. Mr. T. G. Scott, Extension 
Specialist in Wildlife Management, Iowa State College, learned that in 
several counties of the southwest section of the state many rabbits taken 
by hunters during the early part of the winter of 1935-1936 exhibited 
warts. As to the extent of tularemia in rabbits or the effects of external 
and internal parasites on rabbits no definite information is at hand. But 
Mr. Jones also reports that in the winter of 1933-1934 several days of 
hunting in southeast counties yielded less rabbits than were taken in the 
same amount of time in similar weather in the northwest section, and of 
the 20 individuals taken only one rabbit possessed warts. To gather more 
concrete data in regard to the causes of the low numbers of cottontails 
as reported by many hunters and hence assumed to have some basis of 
truth, arrangements are being made to have slow-moving, and hence pre-
sumably diseased, cottontails taken by Conservation Officers and sent to 
Iowa State College for diagnosis of tularemia, other diseases and parasites. 
Two of the first problems confronting the investigator were to ascer-
tain the numbers of individual rabbits on a given area of land and to learn 
the extent of use of this area by the resident rabbits. Connected with these 
problems questions concerning the cruising.radius of the animal, and the 
nature, quality and distribution of cover arose. And in the course of the 
study certain timely observations in behavior of the cottontail were 
made somewhat incidentally. 
A perusal of literature revealed much interesting general information 
about cottontails. Although for the game manager the facts are not stated 
in sufficiently exact terms as yet to enable him to devise practices that 
will maintain a desired number of rabbits on a given area, this general 
1 Supported in part by a grant from the Industrial Science Research Fund of Iowa 
State College for the study of Management of Cottontail Rabbits; cooperating with the 
Iowa Conservation Commission and the United States Bureau of Biological Survey. 
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information furnishes many clues for points of attack upon the problems 
of cottontail study. Seton (1929) in his detailed summary of the literature 
on cottontails and supplemented by personal observations states that he 
thinks "it is probable that a cottontail, unless driven afar by hounds or 
foxes, spends its whole life within the limits of an acre." 
The first concrete suggestion as to a method of attack upon the prob-
lem of ascertaining the numbers of rabbits on a given area came from 
Vorhies and Taylor (1933). They state that rabbits regularly defecate 
while they are feeding or very soon after, and that field observations in-
dicate similar habits on the part of hares in the wild. Observations on 
cottontails lead one to say the same for them. These investigators also 
found a significant relationship between numbers of fecal pellets and 
abundance of jack rabbits on a given area, but were not able to determine 
the absolute numbers of individuals on a given range by the pellet-count 
method. The method consists of counting the pellets on one-square-foot-
areas at fifty-feet intervals over entire large plots of rabbit inhabited 
land. At each interval the square foot is determined by placing a circular 
hoop on the ground. 
For purposes of this study the author chose a 15.5-acres preserve in-
cluding the college apiary farm and a portion of the college seedling 
orchard. As pellet-counts at 50-feet intervals, when plotted, did not show 
a distribution that would furnish clues as to the numbers of resident 
cottontails, counts were repeated at 25-feet intervals, July, 1935. In each 
count the area involved was that within the bounds of a circular wire 
hoop enclosing one square foot, and none of the pellets were removed 
from any of the areas of the counts. 
In table 1 the plant cover and acreage of the several tracts of the 
preserve are shown together with total numbers of square-foot-counts 
and numbers of pellets. 
TABLE 1. Data from several tracts studied 
Num- No. of Total nu-
berof sq. ft. her of 
tract Plant cover Acreage counts pellets 
1 Apple trees, bluegrass, red clover, weeds 4.9 345 313 
2 Tall alfalfa 3.2 230 63 
3 Weedy bluegrass (pastured) 5.1 359 15 
4 Tall bluegrass 1.6 114 37 
5 Bluegrass of mowed lawns .7 54 0 
In tract No. 1, the apple trees vary in height from 6 to 15 feet and 
stand about 2 rods apart. Over one-fourth of the tract the branches from 
neighboring trees meet; elsewhere the branches are up to 25 feet apart. 
Three-fourths of the ground cover was bluegrass (Poa pratensis) of a thin 
stand about 6-8 inches tall and nearly one-fourth was weedy red clover 
about 8 inches tall and of a thick stand. A gully 2-3 feet deep and filled 
with brush runs diagonally half way into the orchard. In an area of .10 
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acre at one corner of the tract furrows had been plowed 5 feet apart to 
check soil-washing at the end of the gully. There tall weeds, chiefly wild 
lettuce (Lactuca scariola), grew up and with tall bluegrass between the 
furrows cover attractive to rabbits was formed. In tract No. 2, the alfalfa 
was about 20 inches tall. No pellets were found in those parts of the tract 
where the stand was 16 stalks or more per square foot. In such parts the 
stems were tangled and somewhat moldy. About one-half of the tract was 
in such condition. In tract No. 3, the most rank weedy cover, chiefly hedge 
mustard (Sisymbrium officinale) and lamb's quarters (Chenopodium 
album) was about 2 feet tall. The bluegrass over about three-fourths of 
the tract was closely grazed. In tract No. 4, the bluegrass was of a quite 
clean stand with 55 stalks per square foot and 18 inches tall, but furnish-
ing little protective cover or shade. The pellets of this tract were smaller 
than most of the pellets of the other tracts and 3 young rabbits, about one-
fourth grown, were seen daily close to this bluegrass. They spent much 
time under several large boxes in the lawn at the edge of the bluegrass 
and were not as yet large enough to wander out far .into individual terri-
tories such as are discussed later for adult cottontails. In tract No. 5 are 
included several small pieces of lawn connected by paths and roadways, 
which were used by the rabbits early mornings and evenings for exer-
cise, play, mating activities, and movement to and from shelter. A part of 
the seedling orchard of about three acres in extent, cultivated to be free 
of ground cover and not included in the 15.5 acres of these studies, was 
used a great deal for like purposes. 
To what extent open paths and roadways are needed by rabbits the 
author is not able from these studies to state. No evidence of cutting 
definite paths as one sees often in tangles of briers and willows was seen 
anywhere on the preserve. It is assumed that the several roadways and 
pieces of lawn which cut the preserve into the several tracts sufficed for 
considerable freedom in movement as well as for play. 
By walking through the several tracts at intervals of one rod, 6 
to 10 times, both with and without a trained dog (of beagle-terrier cross), 
by looking and poking underneath shrubbery and other cover as many 
times, and by observation early mornings and evenings when weather 
permitted, the number of rabbits was ascertained as reported to have been 
seen in table 2; only those regularly seen are reported in the table. One 
rabbit was jumped from a form at the edge of a thick stand of alfalfa, but 
no pellets were found nearby and, as it could not be accounted for again 
by sight, it is not reported in table 2 for tract No. 2. One small young rab-
bit was seen in tract No. 2 within the territory of an adult. A few times 
two rabbits were observed in tract No. 3. More often a rabbit from tract 
No. 3 met a second rabbit in the cutlivated orchard just off the tract. Only 
one rabbit nest was seen, unoccupied, near an adult's territory of tract 
No. 3. A dead rabbit, about one-fourth grown, was found in tract No. 1. 
Observations on the rabbits, as stated in the preceding paragraph, 
showed them to occupy mostly during the daytime limited individual ter-
ritories which were disclosed also by groupings of pellet-areas as shown 
in pellet counts. The numbers of these territories for each tract are shown 
in table 2. A territory is considered as bounded by the periphery connect-
ing the outermost one-square-foot-areas that showed pellets, which in 
turn inclosed a number of other areas which showed pellets. Spaces with 
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TABLE 2. Cottontail territories 
Number of Average No. of adult Number 
Number of daytime territorial rabbits seen of forms 
tract territories acreage several times observed 
1 4 .58 4 2 
2 4 .11 4 4 
3 1 .23 1 1 
pellet-free areas which intervened between such territories aided in set-
ting territorial boundaries. The number of rabbits frequently seen in 
such positions and at such times as to make a sight census of 9 adults 
reasonably accurate corresponds with the number of territories, 9, as 
shown with pellet distribution. During the warmer mid-day hours when 
the temperature was over 90° F., the cottontails were not easily put to 
flight, as a number of times the animals were seen to merely move a few 
feet to one side of the direct path of the observer and even the dog. And 
when noticed by the dog, which had some difficulty in running rapidly 
through dense cover, the rabbit in leisurely fashion made its way to safer 
shelter such as a brush pile. The rabbits were seldom found at shrubbery, 
brush piles, or such safety centers during the warmer daylight hours. 
Not all of the forms were discovered. In three cases a rabbit was 
jumped from the same form several days in succession. One of the rabbits 
after a week left the form and it is thought that some individual made a 
form within a few feet of a brush pile. Each form consisted of two parts. 
One part large enough for a resting rabbit was entirely bare of all plant 
growth and rubbish, while in the second half, as large as the first, the 
ground was covered with a thin layer of leaves and portions of stems. 
In an attempt to discover factors other than food cover which might 
cause the rabbits to choose and occupy a given territory the distances be-
tween the most distant point of the territorial peripheries and the neigh-
boring protective cover that was sought when they were pursued by the 
dog were measured. Such cover included shrubbery, brush piles, drain 
tile, culverts, and entrances under small buildings. These average dis-
tances are shown in table 3. 
Number of tract 
1 
2 
3 
TABLE 3. Distances to protective cover 
Average number of rods 
from shrubbery to farthest 
point of territory 
17.9 
5.7 
13.6 
Average number of rods 
from brush pile, etc., to 
farthest point of territory 
16.7 
12.4 
10.6 
The average number of rods from shrubbery to the farthest point of 
territorial periphery was obtained in this manner. From the shrubbery 
nearest the territory of each rabbit in a tract the distance to the farthest 
point of the pellet-count periphery of its territory was measured. It is as-
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sumed that this distance indicated the farthest distance a rabbit would 
be required to traverse in seeking safety from a pursuing enemy such as a 
dog, if the pursued animal were to use the shrubbery to elude the pur-
suer. Then these distances for all the rabbits of a tract were added and the 
sum was divided by the number of rabbits to obtain the average distance 
of the farthest point of territory from shrubbery. In like manner the aver-
age distance from the farthest point of territory to brush pile, culvert, or 
similar object which afforded a greater degree of safety than shrubbery 
was obtained. 
Although alfalfa and red clover evidently are choice food plants for 
the cottontail, they are not insurance against damage to garden crops at all 
times. In early spring the rows of peas and lettuce of a small garden 
neighboring the alfalfa tract showed 5 to 6 feet of damaged plants. After 
the alfalfa had grown to a height of 10 inches and the remaining garden 
plants were several inches tall, rabbit damage ceased in the garden. 
In summary, 9 adult and 4 young rabbits were found on 15.5 acres 
in June and July, 1935, a density of one rabbit to 1.1 + acres. It is sug-
gested that the pellet-count method may be used not only to determine 
the relative numbers of cottontails on a given area in summer, but to learn 
the approximate area of feeding cover that each individual uses and its 
requirements as to safety cover. This method will aid in cover evaluation, 
and the findings of these studies as to such requirements conform in sev-
eral ways with the suggestions of Trippensee (1934). They differ in that 
alfalfa, at least, with over 64 stalks per 4 square feet would score 0 rather 
than 10 in density. The pellet-count method aids in determining the rela-
tive value of several types of cover in relation to each other, and may make 
possible more concrete suggestions as to placements of safety or escape 
cover in relation to food cover, thereby supplementing Trippensee (1934). 
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THE RING-NECKED PHEASANT AS A NESTING PARASITE OF 
OTHER GAME BIRDS1 
LOGAN J. BENNETT 
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Accepted for publication March 19, 1936 
For many years ornithologists and naturalists have known of the 
parasitic nesting habits of many birds, including certain ducks. Undoubt-
edly on the original prairies of Iowa some ducks parasitized nests of other 
species. It is unknown to what extent the Prairie Chicken, the dominant 
upland game bird of the early pioneer days, showed parasitic nesting 
tendencies toward waterfowl and other birds that nested on the prairies. 
Probably this grouse was not troublesome in this way to other birds 
because it appears that the grouse was quite selective in choosing its 
nesting environment. 
With the extensive development of intensive agriculture in Iowa the 
native prairies have almost entirely disappeared before the plow. The ex-
clusion of the prairie flora that supplied nesting cover for the Prairie 
Chicken spelled its doom. The decline of this bird, probably having be-
gun between 1875 and 1890, continued to the point where at present it is 
probably no longer a breeding bird in Iowa. Several trained ornithologists 
have spent many hours in the field in the past several years in regions 
where this grouse was said by local citizens to be nesting. But no Prairie 
Chicken nests have been observed in Iowa for several years by reputable 
observers. There has not been an open hunting season on this bird in 
Iowa since 1916. It is interesting to note that the last open season took 
place at approximately the same time that Iowa's extensive drainage 
program was completed. 
For a number of years northern Iowa was without an upland game 
bird in plentiful numbers. There was not a gallinaceous game bird that 
could thrive in the great corn producing area that arose from the prairies. 
The Prairie Chicken would not be confined to nesting areas found only 
along fence rows and around the few remaining sloughs and potholes that 
somehow escaped drainage. A change in the situation began in 1900 when 
a windstorm destroyed a pheasantry, releasing about one thousand Ring-
necked Pheasants (Leopold, 1931). Following many other plantings this 
newly introduced upland game bird has thrived very well as a result. Iowa 
has been able to have an annual open season on this bird since 1927, with 
the exception of a closed season in 1928. Although the pheasant has been 
acclimating itself to Iowa during a period of thirty-five years there has 
been but little research to ascertain the effects of the bird upon our native 
plants and animals. Will any beneficial effects to our flora and fauna 
be produced by the Ring-necked Pheasant? Will any detrimental effects 
follow as the bird establishes itself in a niche in our native fauna? 
.1 Journal Paper No. J312 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
ProJect 496. 
• Iowa Agricultural Experiment Station and the Iowa Conservation Commission 
cooperating, with the United States Bureau of Biological Survey. ' 
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Data were obtained in the course of waterfowl studies in northwest 
Iowa (Errington and Bennett, 1934) during the past four years relative 
to the relationship between nesting pheasants and nesting water birds. In 
many cases pheasants utilize Puddle Duck nesting areas as readily as do 
ducks. (In Iowa the cost of restoring waterfowl nesting areas may be 
lowered because of the pheasant production that takes place on such re-
stored areas. In 1934 the author observed one pheasant nest per acre on 
a one-hundred-acre tract of a duck nesting area in Dickinson County, 
Iowa. On this basis, if such a tract was being purchased for a game bird 
nesting area, certainly not more than half of the expense could rightfully 
be charged up to waterfowl.) During the entirety of the duck studies, 
340 Puddle Duck nests were observed in Iowa. Of this number 16 con-
tained pheasant eggs. (See table 1.) 
TABLE 1. Parasitized nests 
Eggs of 
No. eggs nest 
of nest building Pheasant 
building Pheasant species eggs 
Number and bird species eggs hatched hatched 
1. Mallard 6 3 6 0 
2. " 7 3 7 0 
3. " 7 3 7 0 
1. Blue-winged Teal 11 1 11 0 
2. " " " 11 4 0 0 
3. " " " 6 3 6 1 
4. " " " 4 3 0 0 
5. " " " 9 1 0 0 
6. " " " 4 6 0 fl 
7. " " " 14 11 0 0 
8. " " " 4 3 0 0 
9. " " " 8 1 8 1 
10. " " " 5 5 0 0 
11. " " " 3 3 3 0 
12. " " " 7 1 7 0 
1. Shoveller 6 3 6 0 
1. Virginia Rail 6 1 6 0 
1. King Rail 5 3 0 0 
1. European Partridge 12 3 12 3 
2. " " 9 4 0 0 
., 
" " 11 2 11 0 "· 4. " " 7 6 0 0 
The largest clutch found was that of a Blue-winged Teal containing 
fourteen teal eggs and eleven pheasant eggs. In only one case did the 
pheasant eggs outnumber the duck eggs. A number of single pheasant eggs 
were found from several inches to several feet from duck nests. As 
Blue-winged Teal outnumbered all other nesting Puddle Ducks com-
bined, more pheasant eggs were deposited in teal nests than in the nests 
of other ducks. Whether the duck nests were used as dumping nests, 
merely through carelessness, or with nesting intentions by the pheasant, 
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it would be difficult to ascertain. In all cases the nests were occupied by 
ducks and not by pheasants. In two instances the pheasant eggs hatched 
at the same time as those of the duck. One can imagine the situation that 
must have arisen when the duck took her brood to the marsh! With the 
exception of the teal nest containing fourteen teal eggs and eleven pheas-
ant eggs, all of the duck clutches contained less than the average number 
of duck eggs found in nests not parasitized by pheasants. It appeared that 
laying on the part of the duck ceased when the nest became filled, and, 
after incubation began, the depositing of pheasant eggs in the duck nest 
ceased. For a total of 227 normal Blue-winged Teal nests, the average 
clutch contained 9.44 eggs; for 84 Mallard nests the average was 10.6 eggs 
per clutch; for 13 Shoveller nests the average was 9 eggs per nest. On this 
basis the teal nests containing pheasant eggs averaged 7.16 duck eggs per 
clutch; the Mallard nests averaged 6.66 duck eggs; and the Shoveller nest 
contained 6 duck eggs. From these data, although few, it appears that 
pheasant eggs deposited in a duck nest reduce the potential number of 
duck eggs. The observations thus far have not revealed any physical 
strife between nesting pheasants and nesting ducks. Within a few feet of 
many duck nests, pheasant nests have very frequently been observed. If 
there were any territorial difficulties between nesting ducks and pheasants, 
the effects were not in evidence. 
While in the pursuit of duck nesting data the author came across a 
number of Virginia Rail and King Rail nests. One Virginia Rail nest with 
six rail eggs and one pheasant egg was observed. (See table 1.) This nest 
was built of sedge, Carex sp., in a very damp habitat. One King Rail nest 
with five rail eggs and three pheasant eggs was found. The nest, built 
of blue flag, Iris versicolor L., was situated in a slough with two inches 
of water at the particular spot where the nest was located. The pheasant 
eggs did not hatch in either of the rails' nests. 
Between forty and fifty European Partridge nests were observed. 
Four of these nests contained pheasant eggs. (See table 1.) In one nest 
containing twelve partridge eggs and three pheasant eggs, all the eggs 
hatched. The pheasant eggs in the other nests did not hatch. 
SUMMARY 
I. Approximately 4.7 per cent of the Puddle Duck nests in the 
prairie area of Iowa are parasitized by the Ring-necked Pheasant. 
2. Apparently pheasant eggs deposited in duck nests reduce the 
potential number of duck eggs. 
3. A small percentage of pheasant eggs deposited in duck nests 
hatch. 
4. There is no apparent strife between nesting ducks and nesting 
pheasants. 
5. A small percentage of King Rail nests, Virginia Rail nests, and 
European Partridge nests are parasitized by pheasants. 
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A NEW GENUS AND SPECIES OF PODOPIDAE AND A NEW 
COENUS (HEMIPTERA: SCUTELLEROIDEAE) 
H. M. HARRIS AND H. G. JOHNSTON 
From the Department of Zoology and Entomology, Iowa State College 
Accept.ed for publication March 24, 1936 
While arranging some miscellaneous hemiptera, now almost five 
years ago, the writers set aside the forms described below with the nota-
tion that apparently they were new to America and that efforts should 
be made to secure more of each. During the interim collecting trips have 
been made into Mississippi, Arkansas, Louisiana and Texas, correspond-
ence has been carried on with other hemipterists, visits have been made to 
the Carnegie Museum and the National Museum and collections from the 
above named and adjoining states have been examined with great interest 
whenever the occasion presented itself. Through all these efforts, how-
ever, only a single additional specimen-the Coenus from Oklahoma-has 
been found. Thus it seems evident that both species are rare in nature and 
that series of specimens likely will not be taken unless especial effort on 
the part of collectors in general is made. It is in order to call to the atten-
tion of such collectors the existence of the species that the writers have 
decided to characterize them from such short type series. 
ALLOPODOPS, NEW GENUS 
Oblong-oval, sub-depressed above, moderately convex beneath. Head 
shorter than pronotum, broader than long, strongly convex, narrowed 
anteriorly, the sides with a small tooth in front of eyes, then sharply sinu-
ate inwards, jugae rather flat, widest at distal third, not attaining apex 
of tylus. Eyes prominent, somewhat pedunculate. Ocelli situated behind 
a line drawn through hind margin of eyes. Antennae quadriarticulate, 
segment I not attaining apex of head; antenniferous tubercles moderately 
prominent, visible from above, their outer margin produced much as in 
related genera. Bucculae reaching practically to base of head, gradually 
but distinctly elevated posteriorly, their ends almost truncate. Rostrum 
long, extending to middle of venter. Pronotum with a wide, shallow, 
transverse depression across its middle and a somewhat narrower one 
immediately behind the raised anterior margin; the side margins wide, 
deplanate and somewhat reflexed, triangularly produced at the anterior 
angle, straight and indistinctly serrulate for the length of the anterior 
lobe, ending abruptly in front of humeri; the hind margin truncate in 
front of the scutellum. Scutellum not quite attaining apex of abdomen, 
broadly rounded distally, the sides parallel along basal fourth. Femora 
unarmed; tibiae faintly sulcate along upper surface; tarsi tri-articulate. 
Abdomen beneath with neither median furrow nor opaque areas; con-
nexival segments not spinose. 
This genus is erected for the species described below. From related 
Podopidae it is distinguished by the jugae, which are shorter than the 
tylus and not swollen, the four-segmented antennae, the expanded and 
non-interrupted pronotal margins and the absence of a conspicuous meta-
sternal carina. 
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Allopodops mississippiensis, n. sp. 
PLATE I 
Black, the rostrum and tarsi piceous-brown, the corium and scutellum 
along sides and distally somewhat brownish; coarsely and regularly punc-
tate, with a whitish hair arising from each puncture, the hairs long and 
semi-erect on pronotum and scutellum, elswhere, shorter, finer, and 
prostrate. Antennae with apical segment strongly swollen from the base; 
proportion of segments, 7: 9: 7: 13. Rostrum with segment I not exceeding 
bucculae, II enlarged from the base, rather strongly compressed laterally, 
extending to middle of mesosternum, III attaining base of abdomen; pro-
portion, 15: 22: 18: 17. 
Scutellum with an oblique impression on each side behind the base, 
thus leaving a basal triangular portion somewhat raised, the apex of the 
triangle continued to the middle of disc as a smooth, faint, median carina. 
Venter with fifth segment (visible fourth) deeply angularly emarginate 
behind, the last segment at the median line one-half longer than at the 
sides. 
Length, 5.03 mm. Width across humeri, 2.50 mm.; across abdomen, 
2.86 mm. 
Holotype: female, Wiggins, Mississippi, April 25, 1931, H. G. Johns-
ton. 
Coenus inermis, n. sp. 
Much larger and slightly broader proportionally than C. delius (Say), 
the coloration and punctation about as in that species. Head as in C. 
delius, the punctation, however, noticeably finer than that of protonum. 
Antennae not suddenly and conspicuously darkened distally; proportions, 
16: 17: 30: 25: 34. Rostrum darkened distally, extending between hind 
coxae, segment II in length equal to corresponding segment in delius. 
Pronotum with an indistinct transverse impression on disc in front as in 
delius, the front lateral angle not produced as a small tooth, the humeri 
more broadly, evenly rounded in male than in female (that of latter is as 
in delius), the lateral margin almost straight, impunctate, as seen from 
the side the marginal edge much stouter and more obtuse than in that 
species. Scutellum slightly but distinctly longer than corium, the latter 
with apex broadly obtusely rounded and much narrower than apex of 
former. Membrane with veins prominent, embrowned, and irregularly 
anastomosing. Legs as in delius. Venter strongly convex, the connexivum 
with a brown spot at the basal angle of each segment. Hind margin of 
genital segment of male evenly rounded, without triangular tooth at the 
middle. 
Length, 11-11.6 mm.; width, 6.5-6.8 mm. 
Holotype, male, Marion County, Arkansas, May 7, 1897, F. M. McEl-
fresh; allotype, female, McCurtain County, Oklahoma, June 10, 1931, 
C. C. Deonier; Paratypes, two females, taken with holotype. 
PLATE I 
Allopodops mississippiensis, n. sp. 
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THE GENERA AND GENOTYPES OF TINGITOIDEA OF THE 
WESTERN HEMISPHERE 
c. J. DRAKE AND M. E. POOR 
From the Department of Zoology and Entomology, Iowa State College 
Accepted for publication March 24, 1936 
The superfamily Tingitoidea is represented in the world by over 
eleven hundred known species, which are divided at the present tiine 
among one hundred and forty-four genera. Fifty-two genera, including 
approximately 424 species and 14 varieties, have been recorded from the 
Western Hemisphere. When one considers the vast amount of territory 
as yet untouched by hemipterists this is undoubtedly a rather poor repre-
sentation of the total number of species existing in the Americas. The 
only country in South America in which any amount of collecting has 
been done is Brazil, and its resources are by no means exhausted. There 
are a few countries in that continent as well as in Insular and Central 
America where very little or no collecting at all has been done, so it is 
only logical to suppose that there are a number of new genera and many 
species yet to be found and described. 
This paper catalogues the genera and genotypes of Tingitoidea re-
corded from the Western Hemisphere. The authors have attempted to 
make the list complete up to the present time and will appreciate any 
corrections or additions which may be made. The names of the genera 
printed in bold face type are arranged alphabetically under subfamilies, 
and no attempt has been made to show relationship or position. Follow-
ing the name of the genus is the name of the man who first described it, 
and on the next line the date and publication in which the description 
first appeared. The italicized genotype is given in the third line followed 
by the classification of the type, in parentheses. The definitions for the 
genotypes used are: haplotype, only species described in the genus at the 
time of its erection; orthotype, a type by original designation of the author; 
and logotype, a type by subsequent designation. In cases where no pre-
vious designation of type could be found and more than one species was 
included by the author at the time the genus was erected, the authors have 
taken it upon themselves to designate a type which will conform to the 
present status of the genus. These types are labeled "present designation." 
Genera which are not valid (synonyms and homonyms) are placed 
in brackets with the valid genus indicated. In cases where the name is 
preoccupied by a genus in another order this is also cited. For example, 
"[Leptostyla Stal, 1873; not Lioy, 1864, Diptera] (= Gelchossa Kirkaldy, 
1904) = Leptopharsa Stal," means that Leptostyla, a genus of Diptera 
founded in 1864 by Lioy, is valid, whereas, Gelchossa Kirkaldy, 1904, and 
Leptostyla Stal, 1873, for which Gelchossa was erected, later were both 
suppressed as synonyms of Leptopharsa Stal. The note below each valid 
genus gives the number of described species (from the Western and 
sometimes also from the Eastern Hemisphere) and other data of import-
ance. 
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In the near future the authors are planning to publish a check list 
of the species of Tingitoidea of the Western Hemisphere and are very 
anxious to secure as many records as possible. Specimens for determina-
tion, accompanied by notations of localities and host plants, will be 
gratefully received and acknowledged. 
SUPERFAMILY TINGITOIDEA 
Family PIESMIDAE 
Type of family: Genus Piesma Le Peletier and Serville, 1825. 
Note: The family Piesmidae contains only two genera, namely, Piesma 
Le Peletier and Serville and Mcateella Drake. The latter is known only 
from Australia. 
[Agrammodes Uhler]= Piesma Le Peletier and Serville. 
1895, CoLO. ExP. STA. BULL. 31, Tech. ser.1, p. 56. 
Type: Agrammodes costatus Uhler. (Haplotype). 
[ Aspidotoma Curtis] = Piesma Le Peletier and Serville. 
1833, ENT. MAG., I, p. 196. 
Type: Aspidotoma ( Acanthia) capitata (Wolff). (Haplotype). 
Piesma Le Peletier and Serville ( = Agrammodes Uhler) ( = Zosmerus 
and Zosnanus Laporte) ( = Zosmerus Burmeister) ( = Aspidotoma 
Curtis). 
1825, ENCYC. METH., X, p. 652 (as subg. of Tingis). 
Note: Nine species and two varieties described from the Western 
Hemisphere; many species known from the Eastern Hemisphere. 
Agrammodes Uhler founded upon short-winged form of Piesma. 
[Zosmenus and Zosnanus Laporte] = Piesma Le Peletier and Serville. 
1832, Ess. CLASSIF. SYsT. HEMIP. p. 49. (Zosnanus on p. 47). 
Type: Zosmenus maculatus Laporte. (Haplotype). 
[Zosmems Burmeister]= Piesma Le Peletier and Serville. 
1835, HANDB. ENT., II, p. 262. 
Note: Probably typographical error for Zosmenus Laporte. 
Family TINGITIDAE 
Type of family: Genus Tingis Fabricius, 1803. 
Note: The family Tingitidae is represented by 3 subfamilies and 51 genera 
in the Western Hemisphere. Many genera and two subfamilies (or divi-
sions) from the Eastern Hemisphere are not represented in the Americas 
and, conversely, numerous genera described from the Western Hemi-
sphere are peculiar to the Americas. 
Subfamily CANTACADERINAE 
Type of subfamily: Genus Cantacader Amyot and Serville, 1843. 
Eocader Drake and Hambleton. 
1934, REV. DE. ENT., RIO DE JANEmo, IV, fasc. 4, p. 436. 
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Type: Eocader vegrandis Drake and Hambleton. (Haplotype). 
Note: Only one species, described from Brazil. 
Nectocader Drake. 
1928, lowA STATE CoLL. JoUR. Sc1., III, p. 41. 
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Type: Nectocader (Cantacader) gounellei (Drake). (Orthotype). 
Note: Two species, both from South America; the descriptions of 
N. tingitoides (Spinola), 1852, and N. germainii (Signoret), 1863, 
were based upon male and female, respectively, of the same species. 
All South American species described as Cantacader have been re-
ferred to N ectocader. 
Phatnoma Fieber. 
1844, ENT. MoN., pp. 30 and 57. 
Type: Phatnoma lacini,ata Fieber. (Haplotype). 
Note: Four species and one variety, Central and South America; 
numerous other species described from the Eastern Hemisphere. 
Subfamily SERENTHIINAE 
Type of subfamily: Genus Serenthia Spinola, 1837. 
Note: This subfamily is represented in the Western Hemisphere by only 
two genera. 
Coleopterodes Philippi ( = Solenostoma Signoret, 1863, not Rafinesque, 
1815, Pisces) . 
1864, STETT. ENT. ZEIT., xxv, p. 306. 
Type: Coleopterodes (Solenostoma) liliputiana (Signoret). (Ortho-
type). 
Note: One species, found in South America. C. fuscesens Philippi, 
the monobasic type of Coleopterodes, is a synonym of liliputiana; 
(Drake, 1922, Fla. Ent., V, p. 50). 
Opisthochasis Berg. 
1833, ANN. Soc. ARG., XVI, p. 83; Reprint, 1884, HEMIP. ARG., p. 99. 
Type: Opisthochasis albocostata (Berg). (Haplotype). 
Note: Contains only genotype from South America. 
[Solenostoma Signoret, not Rafinesque, 1815] = Coleopterodes Philippi. 
1863, ANN. Soc. ENT. FRANCE, Ser. 4, III, p. 575. 
Type: Solenostoma lilputiana Signoret. (Haplotype). 
Subfamily TINGITINAE 
Type of subfamily: Genus Tingis Fabricius, 1803. 
Note: This subfamily contains most of the genera and species of Tingi-
tidiae of the world. It is represented in the Western Hemisphere by 45 
genera. 
Acalypta Westwood ( = Orthcstira Fie b.) ( = Drakella Bergroth) 
(=Fenestrella Osborn and Drake. ) 
1840, INTROD. Mon. CLASS. INS., II, Synop., p. 121. 
Type: Acalypta (Tingis) carinata (Panzer). (Orthotype). 
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Note: Ten species from the Western Hemisphere, one of which is 
probably a synonym. Many species from other parts of the world. 
Acanthochila Stal. 
1861, RIO HEMIP., I, p. 61 ( Acanthocheila). 
Type: Acanthochila (Monanthia) armigera (Stal). (Present desig-
nation). 
Note: Nine species, all from the Western Hemisphere. Stal. ENUM. 
HEMIP., III, pp. 119 and 127, changes spelling to Acanthochila. 
Acysta Champion. 
1898, BIOL. CENTR.-AMER., RHYNCH., II, p. 46. 
Type: Acysta integra Champion. (Logotype). 
Note: Seven species and one variety, from Central and South 
America. 
Aepycysta Drake and Bondar. 
1932, BoL. Mus. NAc., VIII, pp. 93-94. 
Type: Aepycysta undosa Drake and Bondar. (Haplotype). 
Note: 'fwo species found in Brazil. Galeatus schwarzi Drake be-
longs to this genus. 
Allotingis Drake. 
1930, BULL. BROOK. ENT. Soc., xxv, p. 269. 
Type: Allotingis (Leptobyrsa) binotata (Drake). (Haplotype) . 
Note: One species, Cuba. 
Alveotingis Osborn and Drake. 
1916, OHIO STATE UNIV. BULL., xx, p. 245. 
Type: Alveotingis grossocerata Osborn and Drake. (Orthotype). 
Note: Three species, all from North America. 
Amblystira Stal. 
1873, ENUM. HEMIP., III, pp. 119 and 129. 
Type: Amblystira (MO'l'tanthia) pallipes (Stal). (Haplotype). 
Note: Ten species from Central America and South America. 
Atheas Champion. 
1898, BIOL. CENTR.-AMER., RHYNCH., II, p. 44. 
Type: Atheas nigricornis Champion. (Logotype). 
Note: Ten species, all from the Western Hemisphere. 
Australotingis Hacker. 
1927, MEM. QuEENS. Mus., IX, p. 29. 
Type: Australotingis franzeni Hacker. (Haplotype). 
Note: Two species, one from South America and the other from 
Australia. 
[Cadamustus Distant]= Stephanitis Stal. 
1903, ANN. Soc. ENT. BELG., XLVII, p. 47. 
Type: Cadamustus typicus Distant. (Present designation). 
[Cadmilos Distant] = Galeatus Curtis. 
1909, ANN. Soc. ENT. BELG., Liii, p. 113. 
Type: Cadmilos retiarius Distant. (Haplotype). 
TINGITOIDEA OF THE WESTERN HEMISPHERE 
Caloloma Drake and Bruner. 
1923-24, MEM. Soc. CuB. HIST. NAT., VI, p. 152. 
Type: Caloloma uhleri Drake and Bruner. (Haplotype). 
Note: One species from Lesser Antilles. 
Calotingis Drake ( = N eopachycysta Hacker) . 
1918, BULL. BROOK. ENT. Soc., XIII, p. 86. 
Type: Calotingis knighti Drake. (Haplotype). 
Note: One species from Texas and one from Australia. 
Campylotingis Drake and Bondar. 
1932, BoL. Mus. NAc., Rro DE JANEIRO, VIII, p. 89. 
Type: Campylotingis (Tigava) mollicula (Drake). (Orthotype). 
Note: Seven species, South America. 
Corycera Drake. 
1922, MEM. CARN. Mus., IX, p. 368. 
Type: Corycera comptula Drake. (Orthotype). 
Note: Three species, Brazil. 
Corythaica Stal. 
1873, ENuM. HEMIP., III, pp. 120 and 128. 
Type: Corythaica (Tingis) monacha (Stal). (Haplotype). 
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Note: Seven species, present in only the Western Hemisphere. Sev-
eral synonyms will be discussed in a forthcoming paper. 
Corythucha Stal. 
1873, ENUM. HEMIP., III, p. 119 and p. 122. 
Type: Corythucha (Tingis) fuscigera (Stal). (Logotype). 
Note: Sixty-three species and five varieties from the Americas; one 
species from the Philippines has been referred to this genus. Three 
or four of the North American species probably represent synonyms. 
Corythucha often erroneously spelled with one "h" (Corythuca). 
Dichocysta Champion. 
1898, BIOL. CENTR.-AMER., RHYNCH., II, p. 33. 
Type: Dichocysta pictipes Champion. (Haplotype). 
Note: One species from North and Central America. 
[Dictyla Stal]= Monanthia Le Peletier and Serville. 
1874, 0Fv. VET.-AK. FoRH., p. 57. 
Type: Monanthia platyomia Fieber. (Haplotype). 
Dicysta Champion. 
1897, BIOL. CENTR.-AMER., RHYNCH., II, p. 5. 
Type: Dicysta vitrea Champion. (Haplotype). 
Note: Six species from Central and South America. 
Dolichocysta Champion. 
1898, TR. ENT. Soc. LONDON, p. 56. 
Type: Dolichocysta venusta Champion. (Haplotype). 
Note: Four North and Central American species, one of which should 
be placed in synonymy. This genus is very closely allied to Corythaica 
Stal. 
[Drakella Bergroth] = Acalypta Westwood. 
1922, ANN. Soc. BELG., LXII, p. 152. 
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Type: Drakella (Fenestrella) ovata (Osborn and Drake). (Haplo-
type) . 
Note: Proposed for Fenestrella, preoccupied. 
Eotingis Scudder. 
1890, REP. u. s. GEOL. SURV. TERR., XIII, p. 359. 
Type: Eotingis antennata Scudder. (Haplotype). 
Note: One species, fossil from Florissant, Colo. 
Eurypharsa Stal. 
1873, ENuM. HEMIP., III, pp. 122 and 133. 
Type: Eurypharsa (Tingis) nobilis (Guerin). (Haplotype). 
Note: Five species found in Central and South America. 
[Fenestrella Osborn and Drake]= Acalypta Westwood. 
1916, Omo STATE UNIV. BuLL. XX, p. 222. 
Type: Fenestrella ovata Osborn and Drake. (Haplotype). 
Note: Bergroth (1922, ANN. Soc. ENT. BELG., LXII, p. 152) points out 
that this name is preoccupied and proposes the name Drakella. 
Galeatus Curtis ( = Cadmilos Distant) . 
1833, ENT. MAG., I, p. 196. 
Type: Galeatus spinifrons Fallen. (Haplotype). 
Note: Two species from North America. Many species found in 
Eastern Hemisphere. 
Gargaphia Stal. 
1873, ENUM. HEMIP. III, pp. 119 and 124. 
Type: Gargaphia (Monanthia) patricia (Stal). (Logotype). 
Note: Thirty-six species, all from the Western Hemisphere. 
[Gelchossa Kirkaldy] (= Leptostyla Stal. not Lioy 1864, Diptera) = Lep-
topharsa Stal. 
1904, ENTOMOLOGIST, XXXVII, p. 280. 
Type: Gelchossa (Tingis) oblonga (Say). (Orthotype). 
[Hanuala Kirkaldy] = subg. of Leptodictya Stal. 
1905, BuLL. Soc. ENT. FRANCE, 15, p. 217. 
Type: Hanuala leinahoni Kirkaldy. (Haplotype). 
Note: Subgenus of Leptodictya Stal; see Drake (1931). 
Hesperotingis Parshley. 
1917, PSYCHE, XXIV, p. 21. 
Type: Hesperotingis antennata Parshley. (Orthotype). 
Note: Seven species and two varieties, all from North America. 
Leptobyrsa Stal. 
1873, ENUM. HEMIP., III, pp. 119 and 123. 
Type: Leptobyrsa (Tingis) steini (Stal). (Haplotype). 
Note: Of the 17 species all but 2 Australian species were described 
from Central and South America. This genus needs to be revised and 
either subgenera or new genera erected for some of the species. 
Leptocysta Stal. 
1873, ENUM. HEMIP., III, pp. 122 and 127. 
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Type: Leptocysta (Tingis) sex-nebulosa (Stal). (Haplotype). 
Note: Two species, both from South America. 
Leptodictya Stal. 
1873, ENuM. HEMIP., III, pp. 121and127. 
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Type: Leptodictya (Monanthia) ochropa (Stal). (Logotype). 
Note: Drake (1931, BoL. Mus. NAc., VII, p. 120), divides genus into 
2 subgenera, Leptodictya and Hanuala Kirk., the former represented 
by a single South American species and the latter by 26 American 
and one Japanese species. The generic position of the Japanese 
species should be verified. 
Leptopharsa Stal (= Leptostyla Stal, 1873; not Lioy, 1864, Diptera) 
(= Gelchossa Kirkaldy, 1904). 
1873, ENUM. HEMIP., III, pp. 122 and 126. 
Type: Leptopharsa elegantula Stal. (Logotype). 
Note: Kirkaldy (1904) proposes Gelchossa as a new name for Lep-
tostyla; Drake (1928) makes Gelchossa a synonym of Leptopharsa. 
Contains 52 American species and a few from other parts of the world. 
The genus Leptopharsa badly needs revision and should be divided 
into two or three subgenera or genera. Most of the described and 
many undescribed species are found in Central and South America. 
Drake and Hambleton have the descriptions of many new Brazilian 
species in press. 
[Leptostyla Stal, 1873; not Lioy, 1864, Diptera] ( = Gelchossa Kirkaldy, 
1904) = Leptopharsa Stal. 
1873, ENuM, HEMIP., III, pp. 120 and 125. 
Type: Leptostyla (Tingis) oblonga (Say). (Logotype). 
Leptoyvha Stal. 
1873, ENuM. HEMIP., III, pp. 121and129. 
Type: Leptoypha (Tingis) mutica (Say). (Haplotype). 
Note: Eleven American and one Asiatic species. 
Liotingis Drake. 
1930, BuLL. BROOK. ENT. Soc., XXV, p. 270. 
Type: Liotingis evidentis Drake. (Haplotype). 
Note: Two Brazilian species. 
Macrotingis Champion. 
1897, BIOL. CENTR.-AMER., RHYNCH., II, p. 22. 
Type: Macrotingis biseriata Champion. (Present designation). 
Note: Two species and one variety from Central America. 
[Maecenas Kirkaldy] = Stephanitis Stal. 
1904, ENTOMOLOGIST, XXXVII, p. 280. 
Note: Proposes Maecenas for Tingis Lethierry and Severin. 
Megalccysta Champion. 
1897, BIOL. CENTR.-AMER., RHYNCH., II, p. 5. 
Type: Megalocysta pellucida Champion. (Haplotype). 
Note: Three species from South and Central America. 
Melanorhopala Stal. 
1873, ENUM. HEMIP., III, p. 130. 
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Type: Melanorhopala clavata Stal. (Present designation.) 
Note: Four North American species. 
[Mokanna Distant] = Stephanitis Stal. 
1910, FAUN. BRIT. IND., RHYNCH., v, p.111. 
Type: Mokanna princeps Distant. (Haplotype). 
Monanthia Le Peletier and Serville ( = Dictyla Stal, 1874) . 
1825, ENCYC. METH., x, p. 653. 
Type: Monanthia (Tingis) rotunda (Herrich-Schaeffer) . (Logo-
type). 
Note: Eleven species from America and approximately three times 
as many from the Eastern Hemisphere. Distant (1902, ANN. NAT. 
HlsT., Ser. 7, IX, p. 357) treats M. lanceolata Walker from Brazil as 
non-existant and states that the type is not in the British Museum. 
Many species of tingitids were wrongly described as members of the 
genera Monanthia and Tingis and later transferred to other genera 
or new genera erected for them. 
[Neopachycysta Hacker]= Calotingis Drake. 
1928, MEM. QUEENS. Mus., IX, p. 183. 
Type: Neopachycysta subopaca Hacker. (Haplotype). 
Note: Hacker (1929, MEM. QUEENS. Mus., IX, p. 334) made this genus 
a synonym of Calotingis Drake. 
Neotingis Drake. 
1922, MEM. CARN. Mus., IX, p. 366. 
Type: N eotingis hollandi Drake. (Haplotype). 
Note: Single species from Brazil. 
Nyctotingis Drake. 
1922, MEM. CARN. Mus., IX, p. 362. 
Type: Nyctotingis osborni Drake. (Haplotype). 
Note: Single Brazilian species. 
[Orthosteira Fieber] = Acalypta Westwood. 
1844, ENT. MON., p. 46. 
Type: Orthosteira (Tingis) casstdea (Fallen) = Acalypta musci 
(Schrank). (Present designation). 
Note: Fieber (1861, EUR. HEM., pp. 36 and 130) changes spelling to 
Orthostira. 
Pachycysta Champion. 
1898, TR. ENT. Soc., LoNDON, p. 59. 
Type: Pachycysta diaphana Champion. (Orthotype). 
Note: Three species from South and Central America. 
[PhyJlochisme Kirkaldy] = Physatochila Fieber. 
1904, ENTOMOLOGIST, XXXVII, p. 280. 
Note: Proposes Phyllochisme for Physatochila Lethierry and Severin. 
Physatocheila Fieber ( = Phyllochisme Kirkaldy, 1904). 
1844, ENT. MoN., p. 80. 
Type: Physatocheila quadrimaculata Wolff. (Logotype). 
Note: Six described North American species, one or two of which 
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should be treated as varieties or placed in synonymy. Many species 
described from the Eastern Hemisphere. 
Pseudacysta Blatchley. 
1926, HETER. EAST. N. AMER., p. 497. 
Type: Pseudacysta ( Acysta) perseae (Heidemann). (Haplotype). 
Note: Represented by a single species from Southern United States 
and Mexico. 
Sphaerocysta Stal 
1873, ENUM. HEMIP., III, pp. 120 and 128. 
Type: Sphaerocysta (Tingis) globiffera (Stal). (Logotype). 
Note: Six species and one variety from South America. 
Stenocysta Champion. 
1897, BIOL. CENTR.-AMER., RHYNCH., II, p. 28. 
Type: Stenocysta pilosa Champion. (Haplotype). 
Note: Two species from Central and South America. 
Stephanitis Stal (= Cadamustus Distant, 1903) (= Maecenas Kirkaldy, 
1904) (= Mokanna Dist., 1910) (= Tingis Lap., 1832 not Fabr. ) . 
1873, ENuM. HEMIP., III, pp. 119and123. 
Type: Stephanitis (Tingis) pyri (Fabricius). (Logotype). 
Note: Four species from North and South America; many species in 
the Eastern Hemisphere. Two species, S. pyrioides and S. rhododendri, 
are common to both hemispheres. Horvath (1906, makes Cadamustus 
Distant and Maecenas Kirkaldy synonyms of Stephanitis. Horvath 
(1912) divides the genus Stephanitis into subgenera Mendora (for-
mosa Horvath, type; present designation), Stephanitis (pyri Fabr., 
type; present designation), Noirba (mendica Horvath, type; present 
designation) , and Omoplax (desecta Horvath, type; present desig-
nation). The American species all belong to the subgenus Stephanitis. 
In his monograph of the genus, Horvath failed to include S. mitrata 
Stal from South America. 
[Taphrostethus Fieber] = Cantacader Le Pelletier and Serville. 
1844, ENT. MoN., p. 40. 
Type: Taphrostethus quinquecostatus Fieber. (Haplotype). 
Teleonemia Costa. 
1865, ANN. Mus. ZooL. NAP., II, p. 144. 
Type: Teleonemia funerea Costa. (Logotype). 
Note: Forty-three species and one variety described from the West-
ern Hemisphere, a few of which are synonyms. Numerous species 
from the Eastern Hemisphere which have been described as Teleo-
nemia do not all belong to this genus. The subgenera Americia Stal, 
Amaurosterphus Stal, and Teleonemia Costa are not now treated as 
divisions of the genus Teleonemia. 
Tigava Stal. 
1860, Rm. HEM., I, p. 63. 
Type: Tigava praecellens Stal. (Haplotype) . 
Note: Seven species from South and Central America and one from 
Australia. 
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Tingis Fabricius. 
1803, SYST. RHYNG., p. 124. 
Type: Tingis (Cimex) cardui (Linnaeus). (Logotype). 
Note: Five species from Western Hemisphere; many others from the 
Eastern Hemisphere. This genus is divided into the subgenera Tingis 
Stal, Lasiotropis Stal, Tropidocheila Fieb., Caenotingis Drake and 
Birgitta Lindberg. 
Zatingis Drake. 
1928, lowA STATE CoLL. JoUR Ser., III, p. 44. 
Type: Zatingis extraria Drake. (Haplotype). 
Note: Single species from Paraguay. 
THE MANUFACTURE OF BLUE CHEESE (ROQUEFORT TYPE) 
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The manufacture of blue cheese (roquefort type) from cows' milk 
in the United States has not been entirely successful. Manufacturers have 
met with various difficulties, among which are: (a) The failure of the 
mold to develop properly in the cheese; (b) the yellow color of the cheese, 
especially when made during the period of luxuriant pastures; ( c) the 
failure of the cheese to develop enough of the characteristic roquefort 
flavor in a reasonable length of time; and (d) the lack of uniformity in 
successive lots of cheese. More cheese manufacturers would probably 
attempt to make a blue cheese if a procedure could be developed which 
would tend to eliminate some of these difficulties. 
Currie (1) found that the sharp, peppery flavor, characteristic of 
roquefort cheese, is due in large part to the accumulation of caproic, 
caprylic, and capric acids and their easily hydrolyzable salts during the 
ripening of the cheese. Presumably, these products result from the hy-
drolysis of some of the fat by lipolytic enzymes of the milk and the normal 
mold of the cheese. 
From the general effect of homogenization on the flavor of raw milk, 
it appears that the homogenization of milk for blue cheese would be a 
logical procedure in attempting to bring about a comparatively rapid for-
mation of fatty acids, since the process would enormously increase the 
surface area of the fat globules and thus facilitate the action of lipolytic 
enzymes. 
COMPARISON OF NORMAL AND HOMOGENIZED MILK 
A numbe of experimental lots of blue cheese were made in which 
normal and homogenized milk were compared. Usually about 50 gallons 
of fresh, whole milk were thoroughly mixed, standardized to about 4.0 
per cent fat and a portion of it homogenized at 2,000 pounds pressure, 
with the temperature between 90° and 100° F. The two portions of milk, 
normal and homogenized, were placed in small cheese vats and the nor-
mal milk was made into blue cheese, using the method described by Goss, 
Nielsen, and Mortensen (2) for the manufacture of Iowa blue cheese 
except that the mold powder was mixed with the curd before hooping 
rather than dusted on the curd in the hoops. 
With the homogenized milk it was generally necessary to modify the 
cheesemaking procedure since the curd formed was comparatively soft 
and brittle and, if handled in the same manner as the curd from normal 
1 Journal Paper No. J334 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
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milk, would result in an undesirable, soggy cheese unsuited for the growth 
of mold. The modifications were: (a) The firming time was usually ex-
tended about 30 minutes, and the curd was heated to from 90° to 92° F. 
by the addition of hot whey; (b) the removal of the curd from the vat to 
the drain cloth and the mixing in of the mold powder, draining, and hoop-
ing were completed in a relatively short time, usually only 5 to 10 minutes 
being required to complete all of these procedures; and (c) the hoops 
were turned frequently (every 15 minutes) for about 2 hours. 
GENERAL EFFECT OF HOMOGENIZATION 
Differences between the curd made from homogenized milk and that 
made from normal milk were regularly noted during and immediately 
following the manufacturing process. The curd from homogenized milk 
appeared to be more flaky and decidedly less colored than that of the con-
trol cheese; this color difference was also apparent on the outside of the 
freshly made cheese. The fresh curd made from homogenized milk was 
commonly characterized by a rancid taste and odor, due presumably to 
the action of the inherent lipase of raw milk on the finely divided fat. 
After only a few weeks of ripening, the cheese made from homogen-
ized milk regularly began to develop a flavor resembling that of roquefort 
type cheese, although there was more of a butyric acid flavor than is nor-
mally found in typical roquefort, while in the control cheese nothing but 
the usual, unpleasant, bitter flavor was apparent. At this time the mold 
growth in the homogenized milk cheese was commonly more luxuriant 
than that in the control and was brilliant green in color, while the growth 
in the control cheese was gray green. This contrast in the intensity of 
mold coloration may have been due, in part, to the color difference in the 
curd of the two types of cheese. 
After from two to three months, the cheese made from homogenized 
milk had lost the flavor suggestive of butyric acid and had developed con-
siderable of the sharp, peppery flavor characteristic of roquefort type 
cheese, although the flavor was not as pronounced as that of a fully rip-
ened cheese. No typical roquefort flavor had developed in the control 
cheese at this time and the bitter flavor was still evident. Throughout the 
ripening, the cheese made from homogenized milk was characterized by 
a soft, flaky body, a desirable light color, and a brilliant colored mold 
growth, while the control cheese was comparatively hard and yellow in 
color. Three to four months of ripening were necessary before any roque-
fort flavor could be detected in the control cheese. 
COMMERCIAL LOTS OF CHEESE FROM HOMOGENIZED MILK 
Commercial lots of blue cheese were made from homogenized milk 
to determine the possibilities of the method developed. Usually about 700 
pounds of milk were homogenized and made into 16 cheese weighing 
about 5 pounds each. Examinations of the cheese from time to time indi-
cated that the general character of the cheese obtained was the same as 
with the small lots of homogenized milk. 
DISCUSSION 
The results indicate that the manufacture of blue cheese from homo-
genized cows' milk, rather than from milk not homogenized, offers certain 
MANUFACTURE OF CHEESE FROM HOMOGENIZED MILK 393 
possibilities from the standpoints of curing and marketing. From the 
studies completed, it appears that the cheese made from homogenized 
milk ripens in a relatively short time and regularly has a white color com-
parable with the French cheese made from sheep's milk; in addition, the 
body is unusually soft so that the cheese may be readily spread with a 
knife. At present, there is no information available on the keeping quali-
ties of the cheese made from homogenized milk since none has been held 
for extended periods. Additional studies on the manufacture and the 
biological aspects of this cheese are now in progress. 
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Incubation periods of various lengths have been reported for the eggs 
of the chinch bug, BlisS'US leu.copterus (Say). Forbes (1895) reported the 
incubation period as varying from 12 to 22 days and Stedman (1902) found 
the eggs to begin hatching in the field in about 16 days. Headlee and 
McColloch (1913) made observations on the incubation period of 63 eggs 
and found the shortest time to be 9.6 days and the longest 18 days. Lugin-
bill (1922) reported the incubation period of 664 eggs as varying from 9 
to 31 days and found a difference of nine days in the time of hatching in 
the same lot of eggs. He found 8 per cent infertility in one lot of 503 eggs. 
Flint and Larrimer (1926) observed eggs to hatch i..'1. from 7 to 45 days, 
apparently depending upon the temperature. Shelford (1932) made ob-
servations on 34 eggs under various combinations of controlled tempera-
ture and relative humidity and found the incubation period to range from 
3 to 20 days. This lower limit of 3 days was considerably shorter than any 
of the periods observed by the present authors as well as much briefer than 
those reported by the other investigators mentioned. 
These variations in the incubation period have probably resulted 
largely from the influence of such environmental factors as temperature 
and relative humidity. Studies were conducted during the summer of 
1935 for the purpose of determining the duration of the incubation period 
and the percentage of hatch under various conditions of constant tempera-
ture and constant relative humidity. The temperatures employed were 
19.5° C., 24.5° C., 29.5° C. and 34.5° C. Temperature variations did not ex-
ceed -+- 0.5° C., except at 19.5° C. in which case the variation was ap-
proximately -+- 1.0° C. The relative humidities were 20 per cent, 40 per 
cent, 60 per cent, 80 per cent and 100 per cent. In addition one lot of eggs 
was incubated on wet blotting paper kept saturated with distilled water. 
A total of 2,400 eggs was employed, 100 at each combination of tempera-
ture and relative humidity. The eggs were deposited in cotton plugs at 
the base of young growing wheat plants in the rearing cages. In each 
cage there were confined from three to five pairs of adult bugs in order 
that fertilization should be assured insofar as possible. At four-hour in-
tervals the cotton plugs were removed and the eggs contained therein 
used for the experiments. The eggs were selected at random, except that 
obviously injured eggs were not used. In this way an attempt was made 
to have them as much alike as possible, with a difference in age of not 
more than four hours. 
At the time when the eggs were hatching, readings were taken at 
four-hour intervals, and the duration of the incubation period taken as the 
time from the middle of the four-hour interval at the end of which the 
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TABLE 1. Ranges of incubation periods, 50 per cent hatch-points and percentage of hatch of 100 chinch bug eggs under various 
conditions 
Temperature Percentages of relative humidity In contact with 
20 40 60 80 100 water 
19.5° c • • 852-904 hrs. 756-868 hrs. 604-736 hrs. 656-736 hrs . 
Range 
50 per cent hatch point 864 hrs. 784hrs. 668 hrs. 688hrs. 
Hatch 35 per cent 72 per cent 83 per cent 55 per cent 
24.5° c. 400-432 hrs. 372-412 hrs. 348-400 hrs. 348-380 hrs. 348-388 hrs. 324-276 hrs. 
Range 416 hrs. 394 hrs. 372hrs. 369 hrs. 356 hrs. 350 hrs. 
50 per cent hatch-point 5 per cent 63 per cent 70 per cent 85 per cent 73 per cent 72 per cent 
Hatch 
29.5° c. 276-280 hrs. 252-288 hrs. 236-280 hrs. 216-260 hrs. 216-276 hrs. 200-232 hrs. 
Range 
50 per cent hatch-point 276hrs. 272 hrs. 251 hrs. 232 hrs. 250 hrs. 212 hrs. 
Hatch 4 per cent 34 per cent 62 per cent 98 per cent 93 per cent 84 per cent 
34.5° c. •• 164-200 hrs. 164-196 hrs. 156-192 hrs . 144-176 hrs. 152-184 hrs. 
Range 
176 hrs. 50 per cent hatch-point 170 hrs. 165 hrs. 159 hrs. 155 hrs. 
1 per cent 62 per cent 87 per cent 92 per cent 87 per cent 81 per cent 
•No eggs hatched under these conditions. 
••Only one of the 100 eggs hatched; this between 190 and 294 hours. 
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eggs were collected, to the middle of the four-hour interval at the end of 
which they were found to have hatched, plus or minus two hours. 
Table 1 summarizes the lengths of the incubation periods by giving 
the limits of the time during which hatching occurred at each combination 
of temperature and humidity. It also gives the time required for ap-
proximately half of the eggs to hatch, and the percentage of eggs which 
hatched in each lot of 100 at each combination of temperature and 
humidity. 
It is evident from these tables that the greatest effect of temperature 
was upon the length of the incubation period, whereas relative humidity 
affected chiefly the percentage of hatch. The incubation periods at the 
various temperatures were roughly as follows: 30 days at 19.5° C., 15 days 
at 24.5° C., 10 days at 24.5° C. and 7 days at 34.5° C. 
INCUBATION AT 19.5° C. 
A total of 600 eggs was incubated at 19.5° C. Six different relative 
humidity levels were maintained as indicated above. The length of the 
incubation period at each humidity is shown in table 1. The shortest 
time was 604 hours, approximately 25 days. This record was obtained at 
100 per cent relative humidity. The longest incubation period occurred 
at 60 per cent relative humidity; this was 904 hours, approximately 38 
days. It may be seen by reference to the table that in each case there was 
an appreciable spread in the time of hatching in the same lot of eggs. Eggs 
maintained in contact with water began to hatch after 656 hours or about 
27 days of incubation. Approximately half of the viable eggs hatched in 
29 days. All had hatched after 736 hours, or about 31 days. At 100 per 
cent relative humidity, 83 eggs hatched over a period of 132 hours. This 
was the maximum spread encountered in the entire experiment. 
Table 1 summarizes the percentage of hatch at each relative humidity. 
None of the eggs hatched at 20 per cent humidity. At 40 per cent, three 
nymphs began to hatch, but died while in the process of extricating them-
selves from the egg shell. Beginning with a hatch of 35 eggs out of the lot 
of 100 incubated at 60 per cent relative humidity, there was an increase 
at 80 per cent humidity and a still further increase at 100 per cent humid-
ity. In the latter case, 83 eggs hatched. Only 55 of the eggs hatched out 
of the lot which was in contact with water. 
INCUBATION AT 24.5° C. 
The incubation at 24.5° C. was roughly 15 days (table 1). The short-
est time was 324 hours or 13 days and the longest, 432 hours or 18 days. 
These results occurred, respectively, for eggs maintained in contact with 
water and at 20 per cent relative humidity. At 60 per cent relative humid-
ity there was a period of 52 hours between the time the first egg hatched 
until all had hatched. There was also a spread of 52 hours in the time of 
hatching period of the lot of eggs in contact with water. 
Table 1 includes a summary of the percentage of hatch at each 
humidity. A total of 85 eggs hatched out of the lot of 100 at 80 per cent 
humidity. The numbers which hatched at 60 per cent relative humidity 
and 100 per cent relative humidity and in contact with water were ap-
proximately the same. At 40 per cent humidity the hatch had dropped to 
63 eggs and at 20 per cent relative humidity, only 5 eggs hatched. 
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INCUBATION AT 29.5° C. 
Table 1 summarizes the incubation periods of 600 eggs maintained at 
29.5° C. The shortest time recorded was 200 hours or approximately 8 
days, and the longest 288 hours or 12 days. It may be seen by referring 
to the table that the relative humidity seemed to have but little effect 
upon the incubation period. The greatest spread in the period of hatching 
in the same lot of eggs occurred at 100 per cent relative humidity, in 
which case the eggs hatched over a period of 60 hours. 
The percentage of eggs which hatched at each humidity is shown in 
table 1. At 80 per cent humidity 98 eggs hatched out of the lot of 100. 
This was the highest percentage of hatch encountered throughout the en-
tire experiment. Only four eggs hatched at 20 per cent relative humidity. 
The number increased to 34 at 40 per cent humidity and to 62 at 60 per 
cent relative humidity. 
INCUBATION AT 34.5° C. 
It may be seen by reference to table 1 that the average length of 
the incubation period at 34.5° C. was 7 days. The minimum incubation 
period occurred at 100 per cent relative humidity. The time was 144 hours 
or 6 days. The maximum time was 200 hours or approximately 8 days. 
This period occurred at 40 per cent humidity. The greatest spread in the 
time of hatching in the same lot of eggs was 36 hours. This occurred at 
both 80 per cent and 40 per cent humidity. If the time at which approxi-
mately half of the viable eggs hatched at each humidity is considered, it 
may be seen (table 1) that at this temperature the incubation period was 
slightly shortened in each case as the amount of moisture increased. 
A summary of the percentage hatch at each humidity is included in 
table 1. Starting with a hatch of one egg at 20 per cent humidity, the 
number of eggs which hatched continually increased with an increase in 
the percentage of relative humidity until at 80 per cent 92 eggs hatched. 
Beyond this point the number decreased. Only 87 eggs hatched at 100 
per cent relative humidity and 81 hatched out of the lot in contact with 
water. 
The influence of temperature upon the time required for incubation 
is illustrated in figure 1, which shows also that temperature exercises a 
fairly uniform influence on the length of time which elapses before any 
hatching takes place, as well as on the spread of the period during which 
hatching occurs at each set of environmental conditions. 
Figure 2 shows the spread in the time during which hatching took 
place in two typical cases. These two lots of eggs were maintained at 
34.5° C. and at respective relative humidities of 40 per cent and 80 per 
cent. In every case there was considerable spread in the length of the in-
cubation period of a given lot of eggs subjected to the same humidity 
condition. The maximum spread occurred at 19.5° C. and 100 per cent 
relative humidity, in which case 83 out of a lot of 100 eggs hatched over a 
period of 132 hours. At the same relative humidity but at 34.5° C., 83 
eggs out of a lot of 100 hatched over a period of only 32 hours. 
Figure 3 illustrates the effect of humidity by showing the percentage 
hatch in each lot of 100 eggs at the various relative humidities in each 
temperature group. It may be seen that at 80 per cent relative humidity 
at 29.5° C., 98 eggs hatched out of a lot of 100. This was the highest per-
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Fig. 1. The relation of temperature to the length of the incubation period of eggs of 
Blissus leucopterus. 
centage of hatch encountered. At 19.5° C. none of the eggs hatched at 
either 20 per cent relative humidity or at 40 per cent relative humidity. 
At the three higher temperatures the greatest percentage of hatch oc-
curred in each case at a relative humidity of 80 per cent. The number 
of eggs which hatched at either 60 or 100 per cent relative humidity was 
somewhat lower than at 80 per cent. Below 60 per cent there was a rapid 
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Fig. 2. Hatching time of Blissus leucopterus eggs incubated at 34.5° C. 
decrease in the number of eggs which hatched until at 20 per cent relative 
humidity the greatest hatch was only 5 eggs out of 100. 
In addition to the experiments described above, 4,100 eggs in vari-
ous stages of development were collected from the field. It was found 
that 70.02 per cent of these field eggs hatched. 
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EXPERIMENTS ON SUBMERGENCE 
As an addition to these studies some preliminray experiments were 
conducted to determine what effect submergence in water might have on 
the incubating eggs. Several hundred eggs were employed at temp.era-
tures of 24.5° C., 29.5° C., and 34.5° C. When not actually submerged the 
eggs were maintained at 80 per cent relative humidity. In all cases the 
eggs were found to withstand submergence for considerable periods of 
time. Eggs kept at 24.5° C. hatched after 10 or 12 days of continuous sub-
mergence with only slight decrease in the percentage of hatch. Eggs 
hatched at this temperature even after 15 days of submergence. 
At 29.5° C. 8 separate lots of eggs were used. One lot was submerged 
immediately. The second was allowed to incubate for one day before 
being submerged. The remaining lots were submerged after incubating 
for periods varying by one day, until the last lot had undergone 7 days of 
incubation. In each lot 10 eggs were removed from the water after 4 
hours of submergence, and 10 more at each 4 hour interval thereafter 
until all were removed. In this way eggs of various ages were allowed 
to undergo submergence for periods varying from 4 hours to 6 days. The 
percentage of hatch even after 6 days of submergence was only slightly 
reduced. The age of the eggs at the time that submergence began appar-
ently had little effect upon the number of eggs which hatched in each case. 
In experiments on intermittent submergence at 29.5° C. eggs were 
found to hatch if removed from water only one hour per day. 
Eggs maintained at 34.5° C. withstood continuous submergence for 
4 days. 
Submergence lengthened appreciably the incubation period. The 
maximum period encountered at 24.5° C. for the controls was 18 days. A 
lot of 10 newly laid eggs submerged for 14 days at 24.5° C. began to hatch 
on the 20th day and by the 22nd day a total of 7 eggs had hatched. In 
another lot of 10 newly laid eggs submerged for 15 days at 24.5° C. 3 eggs 
hatched on the 22nd day and one hatched on the 24th day. Submergence 
also lengthened the period of incubation at the higher temperatures em-
ployed. There was a fairly direct relationship between the length of sub-
mergence and the increase in length of the incubation period. 
SUMMARY 
Eggs of the chinch bug, Blissus leucopterus (Say) hatched in ap-
proximately 30 days at 19.5° C., 15 days at 24.5° C., 10 days at 29.5° C. and 
7 days at 34.5° C. 
Temperature seemed not to affect appreciably the percentage of hatch. 
In each case there was considerable spread in the time of hatching of 
a given lot of eggs subjected to the same conditions. 
Relative humidity, although apparently influencing the length of the 
incubation period in some cases to a slight extent, has its greatest effect 
on the percentage of hatch. The most favorable relative humidity at the 
higher temperatures was 80 per cent. In one case 98 eggs hatched out 
of a lot of 100. 
Chinch bug eggs hatched after submergence in water for considerable 
periods of time. For example, a number of eggs hatched after 15 days 
402 M. J. JANES AND ANNA HAGER 
of submergence at 24.5° C. At higher temperatures the eggs were less 
resistant to submergence. 
An increase in the incubation period occurred in fairly direct pro-
portion to the period of submergence. 
A number of eggs were hatched after being submerged continuously 
for 23 hours out of each 24 during the period of incubation. 
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STUDIES ON TEMPERATURE AND MOISTURE AS FACTORS 
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Overwintering chinch bugs in Iowa and other midwestern states are 
often subjected to extreme and sudden changes of temperature and moist-
ure conditions during the winter months. More specific knowledge as to 
the exact effect which either of these factors, alone or the two acting to-
gether, has upon the total winter mortality would enable entomologists 
to obtain a better estimate of the probable surviving or spring population. 
Since an exceedingly large number of chinch bugs entered winter 
quarters in the fall of 1934, it seemed an opportune time to begin a study 
of this problem. The investigations undertaken included both field obser-
vations and laboratory studies, but only the laboratory phases of the prob-
lem are discussed in the present paper. 
METHODS 
All of the chinch bugs used in these experiments were typical long-
winged adults of Blissus leucopterus (Say). Since holding the bugs under 
artificial conditions in the laboratory might produce changes in their physi-
ological conditions, it was deemed advisable to secure fresh experimental 
material from the field for each set of experiments. With the exception of 
the material collected in Washington County, all bugs used were taken 
from clumps of bunch grasses, Andropogon scoparius Mich. and Andro-
pogon furcatus Muhl. Those from Washington County were collected 
from an area of mixed cover, consisting of various grasses, sticks, leaves, 
and other debris at the edge of a woodlot. 
Unless otherwise indicated, the bugs brought in from the field were 
very slowly warmed, and then only enough to induce feeble movement so 
that the living individuals could be recognized. As soon as the bugs began 
moving about, they were picked up with an aspirator and divided indis-
criminately into 50 lots of 10 bugs each, the subsamples of 10 being placed 
in cotton-stoppered shell vials (20 X 60 mm.). 
The samples of 500 bugs each were then exposed to various low tem-
peratures, as indicated in connection with the individual experiments. At 
the completion of each exposure the insects were kept at a temperature 
of approximately 22° C. for 2 hours and then examined for living and dead 
bugs. To check these results, each lot was recounted after a 24-hour in-
terval. In all cases a bug that was able to move its appendages was counted 
as living. 
Refrigerating chambers maintaining constant temperatures of 5.0° C., 
0.0° C., - 6.6° C., - 12.2° C., and -17.7° C. (variation± 0.5° C.) were 
1 Journal Paper No. J315 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
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used in the experiments. In a few instances another unit in which the 
temperature ranged between - 20.0° C. and - 25.0° C. was used. In 
making short exposures, the 50 vials were spread out upon a precooled 
tray and then placed immediately in the low temperature box so that all 
the vials would receive the same temperature exposure. Likewise, this 
method facilitated prompt removal of the vials at the termination of the 
exposure. 
To make gradual exposures, the entire set of 50 vials was placed in 
a double-walled Cellotex box which was constructed so that a one-half 
inch space was left between the two layers of cellotex. The actual tem-
perature within the vials was determined by inserting two thermometers 
through the top of the box in such a way that the bulbs of the ther-
mometers were in two separate vials. 
Laboratory experiments in certain instances were checked by com-
paring 15-minute exposures in the refrigerator with exposures of the same 
length made at the same temperatures out-of-doors. 
In the experiments involving relative humidity, the bugs were counted 
into the usual lots and placed in shell vials, but cheesecloth coverings 
held by rubber bands instead of cotton stoppers were used. Sealed glass 
chambers containing a graduated series of sulfuric acid solutions were 
used to insure uniform relative humidity conditions. These chambers 
were then placed in the desired temperature unit and kept there until the 
completion of the experiment. The special technique used in connection 
with certain experiments is explained in the discussion accompanying 
these experiments. 
Each time samples were brought in from the field, two lots of 500 
bugs were placed at 0.0° C. and 100 per cent relative humidity and kept 
there as controls until experiments with bugs from that particular sample 
were completed. 
EXPERIMENTAL 
SUDDEN SHORT EXPOSURES TO LOW TEMPERATURES 
In an effort to determine the effect of sudden short exposures to low 
temperatures on bugs collected from the same place at different times of 
the year and those taken from various places at approximately the same 
time during the winter, over 25,000 chinch bugs were divided into samples 
of 500 each and exposed to various low temperatures ranging between 
- 7.0° C. and - 23.5° C. These overwintering bugs were collected from 
three widely separated points in Iowa, namely, Des Moines, Washing-
ton and DeWitt. The data from these experiments are presented graphic-
ally in figure 1. 
In all cases temperatures higher than - 7.0° C. were not fatal to the 
bugs at 15-minute exposures. Below - 7.0° C., however, the mortality 
increased rapidly until at about - 15.0° C. it ranged between 70 and 92 
per cent. 
Below -15.0° C. the increase in mortality is less rapid, indicating that 
a few of the bugs in each sample were much more resistant to low tempera-
tures than the others. As no controlled low temperature units below 
- 23.0° C. were available, the temperature at which all the bugs would 
be killed by a 15-minute exposure was not determined. However, from 
the trend of the curves it is apparent that under the conditions of this ex-
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periment a temperature of about - 25.0° C. would produce a mortality of 
at least 90 per cent. 
Although there is some spread of the points on each curve, the trend 
of all four curves is the same. Furthermore, it should be noted that the 
points on curve A fit much more closely to the line than do the points on 
curves B, C and D. This may be interpreted as indicating that bugs col-
lected early in the season are more uniform than those collected later. 
Furthermore, the greatest degree of variability is found in the Washington 
County bugs (curve C) collected late in the season from a variety of 
habitats within the same immediate vicinity. 
The data presented as curves A and B, the latter representing bugs 
collected at Des Moines, April 1, and the former representing bugs col-
lected during JanuarY, show that the two groups differ from each other in 
their resistance to low temperatures. Statistical tests on these data show 
the differences are significant. The bugs collected April 1 were fairly 
active at the time the collection was made, and it is entirely possible that 
they had imbibed some moisture or plant juices which would account for 
their greater susceptibility to low temperatures. A comparative study of 
the curves in figure 1 shows that biotic and seasonal conditions influence 
to some extent the resistance of the bugs. However, if a zone were estab-
lished which would include all of these curves, one might select overwin-
tering bugs at random, subject them to low temperatures under the con-
ditions imposed in these experiments, and expect to have the results fall 
within this zone. 
PROLONGED EXPOSURES 
To determine the effect of prolonged exposure to low temperatures, 
chinch bugs collected at Des Moines were placed at constant temperatures 
of - 12.2° C. and -17.7° C. At intervals, lots of 500 bugs were withdrawn 
from each series, and the average mortality for each sample was deter-
mined. The data resulting from this experiment are shown graphically in 
figure 2. At both temperatures there was a comparatively large increase 
in mortality for each additional hour of exposure until about the tenth 
hour, after which the rate of increase in mortality for each hour of expos-
ure was gradually reduced. When mortality is plotted against the logarithm 
of time (fig. 3), the curves become straight lines and lie almost parallel to 
each other. At - 17.7° C.100 per cent mortality was reached at the end of 
85 hours; at -12.2° C., however, only 75 per cent of the bugs were dead 
at the end of 72 hours. 
Simultaneously with the initiation of the above experiment, bugs from 
the same source were subjected to a constant temperature of - 6.6° C. In 
this case, as is shown in table 1, the death rate was comparatively low for 
the first several days, after which it increased rapidly. It appears, there-
TABLE 1. Percentage of chinch bugs dead after exposure for various intervals of time 
at - 6.6° C. (0 F.). Five hundred bugs in each test 
Time exposed (days) 1 2 3 3.5 8 13.5 16 I 21 28 
Percentage dead 0.6 2.0 3.6 6.0 11.6 22.8 44.6 I 67.6 92.2 
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fore, that the temperature was too high to produce a large initial mortal-
ity, and it is possible that death resulted from factors independent of tem-
perature. This thought is suggested by the fact that the bugs from this 
experiment died with their appendages fully extended; whereas, those in-
volved in experiments with lower temperatures died with their appen-
dages contracted and held more or less tightly against their bodies. After 
this experiment was completed, some of the surviving bugs were, in sev-
eral instances, left in the laboratory overnight and then returned to the 
low temperature unit. Later it was observed that these individuals lived 
longer than the others in the same experiment. In one case, for example, 
7.0 per cent were living at the end of a 35-day period. 
Another series of this same group of chinch bugs were wrapped in a 
wet paper towel and placed at + 4.3° C. in a container at a relative humid-
ity of 100 per cent and left for a period of 96 days. At the end of this time 
876 of the 1,000 bugs originally started were still alive and active. A 
number of pairs of the surviving bugs were placed on growing wheat 
plants, and it was observed that they lived longer and produced more 
eggs than bugs which hibernated under natural field conditions. 
Two hundred of these bugs were left in a low temperature unit at 
+ 1.0° C. from January 3 until August 3, at which time 17 of them were 
found to be living. When these were given access to wheat seedlings in a 
constant temperature box at 34.5° C., mating began almost immediately 
and egg deposition started August 7. 
GRADUAL EXPOSURES 
To determine whether or not the chinch bugs' ability to withstand 
low temperatures might be increased by exposing them to gradually fall-
ing temperatures, a series of experiments, using bugs from Des Moines, 
DeWitt and Washington, Iowa, were conducted. After being held for 24 
hours at a temperature of - 6.6° C. the bugs were placed in an insulated 
box and changed to a colder temperature chamber, where the tempera-
ture inside the box fell at the rate of 1.5° C. per hour. The results of 
these experiments are presented graphically in figure 4. The gradual ex-
posure appeared to increase the resistance of the bugs to moderately low 
temperatures, that is, temperatures ranging from - 7.0° C. to - 15.0° C. 
At temperatures between - 15° C. and - 18° C. the mortalities resulting 
from gradual and instant exposures were not significantly different from 
one another, and at temperatures below - 20.0° C. the bugs receiving a 
gradual exposure showed a higher mortality than those exposed for only 
a short period. This is no doubt at least partially due to the prolonged 
exposures to moderately low temperatures. 
Here, as in the other experiments, bugs collected from different areas 
and at different times showed wide differences in their responses to the 
same treatment. It is apparent that bugs collected April 1, after they had 
become somewhat active, were more easily killed than those collected in 
mid-winter. No doubt, the imbibition of plant juices or water caused the 
decrease in their resistance. 
STEPPED EXPOSURES 
In a somewhat similar experiment, which might be called a stepped 
exposure, the bugs were placed at - 6.6° C. for 24 hours. At the end of 
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that period they were dropped abruptly to -12.2 or -17.7° C. and ex-
posed to one of those temperatures for varying periods of time. 
Here as in the case of the gradual exposures, the precooled bugs 
showed a definite increase in resistance to short exposures, but as the 
exposures were prolonged their apparent increased resistance disap-
peared and they were killed at approximately the same rate as bugs which 
were not precooled. 
Late in the season bugs from another field sample were held for 60 
hours at - 6.6° C. and then placed at - 12.2° C. for varying lengths of 
time. The results, shown in curve C, fig. 5, seem to indicate that the 
longer period of precooling greatly increased the resistance of the bugs, 
but, since the samples were collected at different times, some of this varia-
tion might have been due to differences in the bugs. 
EXPOSURES OUT-OF-DOORS OVERNIGHT 
On nine different nights while this investigation was in progress, 
samples of 500 bugs were placed out-of-doors in a screened insectary. The 
following morning they were taken into the laboratory, and after a 2-hour 
interval the percentages of living bugs were determined. The results 
which are presented in figure 6 show that here, as in most of the other 
experiments, death began to occur at about - 7.0° C. or - 8.0° C. and 
that all of the bugs were killed at a temperature of - 25.0° C. (- 13.0° F.). 
Three very important factors, namely, the minimum temperature 
reached, the influence of a gradual exposure and the influence of a pro-
longed exposure at temperatures slightly higher than the minimum, have 
a bearing on the trend of the curve plotted from these data. This curve 
therefore should not be compared with the other curves without a con-
sideration of the modifying influences involved. 
FREEZING THE BUGS IN THE ORIGINAL SODS 
In all of the experiments discussed so far, the bugs were warmed to 
induce activity so that the living bugs could be recognized and counted. 
It was evident that this procedure might be open to serious question. To 
overcome this objection 25 small clumps of bunch grass containing over-
wintering chinch bugs were cut in halves and one part of each clump was 
held at - 6.6° C. for 48 hours, while the other half was placed at -17.7° C. 
for the same period. At the end of the exposure the samples were exam-
ined and the numbers of living and dead bugs were recorded. 
(x -y) 100 
By applying Abbott's formula to the data thus obtained, 
x 
it was possible to determine the mortality directly attributable to the low 
temperature. 
The data accumulating from this experiment show rather conclusively 
that the chinch bugs subjected to this treatment are little if any more re-
sistent to low temperatures than those which were warmed and counted 
before freezing (table 2). 
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Fig. 5. Mortality of chinch bugs obtained by stepped exposures in which the bugs 
were precooled and then subjected to the temperatures indicated. 
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TABLE 2. Results of an experiment on freezing chinch bugs at - 17.7° C. without re-
moving them from the bunch grass sods 
Percentage dead in original Percentage dead after 48 
sample (control) hours at -17.7° C. 
Number x-y• (100) 
of No. No. 
samples Bugs Max. Min. Mean Bugs Max. Min. Mean x 
8 911 75.0 30.0 49.5 782 100.0 73.4 96.9 93.8 
5 1555 73.9 4.1 49.3 1599 99.2 75.4 96.6 93.3 
6 407 55.0 13.0 35.6 289 97.0 80.0 90.6 85.3 
3 1156 40.2 23.6 30.3 1301 99.5 98.6 99.1 98.7 
3 42 69.1 30.0 41.4 40 100.0 95.0 97.5 95.8 
x-y (100) 
·----
percentage of control (where x =number alive in check and y = num-
x 
ber alive in experiment ) . 
HOLDING THE BUGS AT HIGH AND LOW RELATIVE HUMIDITIES BEFORE FREEZING 
In an effort to determine whether or not the humidity at which the 
bugs were held previous to exposure to cold conditions greatly altered the 
resistance of the bugs, over 12,000 individuals were divided into two sepa-
rate lots, one of which was placed at 0 per cent relative humidity and the 
other at 100 per cent relative humidity. Those bugs maintained at a relative 
humidity of 100 per cent were also given access to contact moisture in the 
form of wet paper toweling. Both groups were held at a constant tem-
perature of 0.0° C. 
At regular intervals, 500 bugs were taken from each container and 
exposed for a 15-minute period at - 17.7° C. (0° F.). 
The data (table 3) plainly show that beginning with the first 24 hours 
there is a very significant difference between the two series of bugs. The 
mortality of the bugs kept at 0 per cent relative humidity varied from 74.0 
to 79.4 per cent, and except on the first reading there was a gradual re-
duction in the percentage of mortality, whereas the percentage of mor-
tality of those bugs kept at 100 per cent relative humidity and contact 
moisture varied from 86.6 to 90.8 per cent. As a check against this experi-
ment 500 bugs from the original stock culture were exposed to a tempera-
ture of -17.7° C. for 15 minutes. In the latter case 82.2 per cent of the 
bugs were killed. It would appear, therefore, that the loss of water by the 
TABLE 3. Mortality of chinch bugs a#er a 15-minute exposure at - 17.7° C. (0° F.) 
w hen the bugs were previously held for various lengths of time at 0° C. and 0 per cent 
relative humidity or at 0° C. and in contact with m oisture. Five hundred bugs in 
each group 
Duration of pre-treatments (days) 1 2 4 6 8 12 
Percentages dead-held at 
0 per cent R. H. 79.4 79.4 79.2 78.2 75.0 74.0 
Percentages dead-held in contact 
with moisture 90.8 90.0 86.6 89.2 90.0 89.0 
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bugs increased their resistance to low temperatures, and that contact with 
moisture decreased their resistance. 
EFFECT OF DRINKING WATER PREVIOUS TO EXPOSURE TO LOW TEMPERATURES 
Having demonstrated that atmospheric humidity and contact moist:-
ure influence the ability of chinch bugs to withstand low temperatures, it 
was considered advisable to extend the experiments. One group of bugs 
was placed at 0 per cent relative humidity. A second lot was given access 
to wet paper toweling from which they could imbibe water freely. Both 
lots were placed at room temperatures (22° C.), and at intervals of 4, 12 
and 72 hours, 500 bugs from each group were exposed to a temperature of 
- 17.7° C. for a 15-minute period. The results of these experiments are 
shown in table 4. A check lot of 500 bugs from the same original stock 
culture given a similar exposure for 15 minutes showed a mortality of 
82.8 per cent. 
TABLE 4. Mortality of chinch bugs after a 15-minute exposure at -17.7 C. (0° F.) 
when the bugs were previously held for various lengths of time at 22° C. (71.6° F.) 
and at ~ per cent relative humidity or at 22° C. and in contact with moisture (and 
allowed to drink). Five hundred bugs in each group 
Duration of pre-treatments (hours) 4 12 72 
Percentage dead-held at 0 per cent R. H. 77.6 87.2 84.0 
Percentage dead-held in contact with moisture 88.6 95.4 93.0 
Bugs which imbibed water from the saturated towels were more easily 
killed in every instance. Also it was apparent that the resistance of the 
bugs was somewhat increased by moderate dehydration, but long ex-
posures to an extremely dry atmosphere at a relatively high temperature 
may have weakened the bugs. At least it is reasonable to assume that a 
portion of the increased mortality shown by bugs dehydrated for 12 and 72 
hour periods may be due to causes other than low temperatures. This sup-
position is supported somewhat by the fact that many bugs were dying in 
the jars at the time the bugs were counted. 
To check further the influence of the imbibition of water by the bugs 
a large number of bugs were given access to water on paper towels for a 
12-hour period at room temperature. At the end of this time they were 
counted into 5 groups of 250 bugs each and given a 15-minute exposure at 
temperatures ranging from - 7.0° C. to -16.0° C. At the same time 5 
lots of 500 bugs each, taken from the original stock culture, were given 
identical exposures. The data (table 5) show rather convincingly that 
those bugs having access to water were consistently more easily killed 
than those taken directly from their overwintering quarters. 
EFFECT OF RELATIVE HUMIDITY ON SURVIVAL AT MODERATELY LOW TEMPERATURES 
At the outset of the experiments it was observed that chinch bugs 
held for a number of days in an electric ( + 2° C.) refrigerator showed 
an ever increasing mortality rate. This indicated that humidity or factors 
other than temperature were causing death under this condition. 
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TABLE 5. Mortalities obtained when chinch bugs given access to water for 12 hours 
at 22° C., and bugs taken directly from the field were exposed for 15 minutes at the 
temperatures indicated. Five hundred bugs in each group 
Temperature in degrees C. -7.0 -10.2 -11.0 -14.0 -16.0 
Percentage dead-bugs with access 
to water 7.0 55.8 64.0 84.0 88.8 
Percentage dead-bugs direct from field 1.2 45.6 53.2 70.8 74.8 
In an endeavor to determine the importance of relative humidity as a 
factor causing death under the above mentioned condition, 600 chinch 
bugs were counted and divided into 6 groups so that each lot contained 10 
shell vials of 10 bugs each. Five of these lots were placed at 0 per cent, 
25 per cent, 50 per cent, 75 per cent and 100 per cent relative humidities, 
respectively. The bugs in the sixth lot were wrapped in moist paper 
toweling and placed at relative humidity of 100 per cent. All were kept 
at a temperature of 0.0° C. The vials were removed from their respective 
jars, and the live and dead bugs recorded at frequent intervals. After 
each reading the dead bugs were discarded, and the live bugs were re-
turned to their respective jars. 
These data (figure 7), it will be observed, show rather conclusively 
that bugs held at low relative humidities die much sooner than those liv-
ing in a moist atmosphere. Under the conditions of this experiment the 
death rate seems to be directly related to the saturation deficiency of the 
atmosphere. 
The above experiment was repeated, but this time the containers were 
held in a cellar in which the temperature ranged from - 2.0° to + 4.0° 
C. The resulting data were comparable to those presented, the only dif-
ference being that the slightly higher temperature shortened the survival 
period. 
In connection with these experiments 250 chinch bugs were placed 
at 0.0 per cent relative humidity and 0.0° C. and held for 15 days, at which 
time 60 per cent of the bugs were dead. The surviving bugs, which were 
all in a greatly weakened condition, were wrapped in moist paper towel-
ing and placed at a relative humidity of 100 per cent. Within a week these 
bugs were seemingly normal and just as active as other bugs that had not 
been subjected to the dry atmospheric conditions. 
EFFECT OF VARIOUS RELATIVE HUMIDITIES UPON WEIGHT LOSS 
Concurrent with the last experiment 600 bugs were divided into 
samples of 100 and subsamples of 10 as before. The bugs in each shell 
vial were weighed in grams to the fourth decimal place and then the six 
groups were placed in the various relative humidity chambers and held 
at a temperature of 0.0° C. At regular intervals the vials were removed 
and the weight of the bugs was recorded. A few readings were made 
ater the first deaths were noted, but corrections were made by deducting 
the weight of the dead bugs and computing the precentage loss of weight 
on the basis of the living bugs only. 
A graphic representation of these data is given in figure 8. With a 
decrease in percentage relative humidity there is a corresponding increase 
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in the rate of weight loss. Furthermore, it is apparent that for each rela-
tive humidity there is a direct relationship between the length of exposure 
and the percentage loss in weight, and in general this appears to be a 
straight line relationship. Also, it is obvious that death began to occur 
when the bugs were reduced to between 75 and 80 per cent of their original 
weight. In the case of the bugs wrapped in the wet paper towels and 
kept at a relative humidity of 100 per cent, no loss of weight could be de-
tected at the end of 35 days when the experiment was discontinued. 
EFFECT OF SUBMERGENCE ON OVERWINTERING CHINCH BUGS 
Grasslands and wooded areas in which chinch bugs often spend the 
winter are frequently inundated by floods. Britcher (1903) reported that 
adults could live after being submerged for a 75-hour period, but the tem-
perature at which the experiment was conducted was not given. Janes, 
Hager and Carman (1934) found that in the summer adult chinch bugs 
do not survive if immersed longer than 36 hours at 24.5° C. Since no data 
available deal with submergence during the overwintering period, a study 
of this phase of the problem seemed desirable. 
A number of wire screens ( 40 meshes to the inch) were made in the 
form of envelopes, 2 inches wide by 3 inches long. Chinch bugs (25 to 
each screen) were dropped into these envelopes and the open ends were 
closed. The screens containing the bugs were immersed in ice water which 
was held at 0° C. by frequent additions of ice. 
Each day an envelope containing 25 chinch bugs was removed from 
the water, placed on a paper towel, and the numbers of bugs both alive 
and dead were recorded. These bugs were then placed in vials, and after 
24 hours the reading was repeated to make certain that no seemingly 
dead bugs had recovered, and, conversely, that no more had died. By 
reference to table 6, it will be observed that even after 22 days 40 per cent 
of the bugs were still alive. After the first few hours of submergence, the 
bugs recovered in a short time (about 25 minutes), but as submergence 
was prolonged it took an increasingly longer time for the bugs to resume 
activities. After 20 days submergence it was noted that more than 4 
hours were required for the bugs to start moving about. It is possible that 
during submergence basal metabolism continued anaerobically, and un-
oxidized metabolites simply accumulated; thus, by the time the chinch 
TABLE 6. Mortalities obtained when chinch bugs were submerged for variCYUS lengths 
of time in ice water (0° C.). Twenty-five bugs in each group 
Days submerged Percentage dead Days submerged Percentage dead 
1 0 12 12 
2 0 13 20 
3 4 14 28 
4 4 15 40 
5 4 16 44 
6 8 17 44 
7 8 18 52 
8 8 19 60 
9 4 20 60 
10 8 21 60 
11 16 22 60 
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bugs were again restored to air they were greatly in arrears for oxygen, 
or, in other words, the bugs had built up an oxygen debt. 
In another submergence experiment the bugs were confined in glass 
tubes (20 mm. X 60 mm.) which were closed at both ends with a piece 
of cheesecloth held in place by a rubber band. They were cooled at - 6.6° 
C. and dropped into a jar of 10 per cent sodium chloride solution (freez-
ing point - 7.4) which had been previously reduced to the same tempera-
ture. After 54 hours submergence, 50 per cent of the bugs were alive. The 
temperature was then lowered to - 8.0° C., at which temperature a mushy 
ice was formed, and after a 66-hour exposure 42.6 per cent of the bugs 
were still alive. It is rather surprising that the bugs could withstand such 
a highly saturated solution of salt for so long a period. 
On one occasion a sample of bunch grass which had been continuously 
under water for about three weeks, in an area on the Wapsipinicon River, 
was brought into the laboratory, and over 40 per cent of the bugs in the 
sample were still alive. 
EFFECT OF FREEZING IN ICE 
In samples of bunch grass taken from the field it was noted that the 
clumps of grass which were frozen in solid ice always yielded a very high 
percentage of dead bugs. On numerous occasions pieces of ice, containing 
masses of frozen bugs, were broken loose and thawed out slowly in a cool 
room. Living bugs were found only in a few instances. Many of the 
dead bugs had been crushed and in some cases dismembered. 
Britcher (1903) conducted a number of experiments in which sub-
merged bugs were frozen in a block of ice and concluded that "Freezing 
while submerged in water is almost sure to be fatal." Parks (1934) stated 
that chinch bugs" ... can be frozen in wet debris, or even ice, without 
causing their death," but his accompanying illustration (figure 3) seems 
tp indicate that the water was frozen while the bugs were floating on the 
surface and that they were not submerged in the water at the time of 
freezing. The entomological literature contains a number of references to 
instances in which living chinch bugs have been taken from ice-coated 
plants, but the circumstances under which the observations were made 
are not given. 
In an endeavor to throw more light upon this subject the following 
experiments were designed to approach the problem from different angles 
and, where possible, to approximate field conditions. 
Four 4-inch flower pots were filled with moist soil to within two inches 
of the top and then placed in a room at - 6.6° C., where they were held 
until the soil was frozen. Then 200 chinch bugs, chilled to inactivity, were 
placed in each flower pot, and a layer of dry bunch grass was spread over 
the bugs. In two of the pots wet snow was firmly packed over the straw 
layer and water was added to form a sheet of ice over the top of the snow, 
thus approximating a sleet storm condition. In the other two pots the layer 
of snow was omitted, and one and one-half inches of water was poured 
over the straw and allowed to run down around the bugs and the straw 
so that all was frozen in a solid mass, approximating the freezing of stand-
ing water. 
In this latter series of pots, besides the 200 chinch bugs placed under 
the straw, three additional lots of bugs were placed in the water before it 
was frozen. These bugs were treated as follows: 
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First, 25 bugs were placed in 40 mesh, brass screen cylinders, 10 X 60 
mm.; second, 50 bugs were placed in steel tubes tightly corked; third, 125 
bugs were placed in five 10 mm. gelatine capsules, 25 bugs in each. This 
entire experiment was repeated 3 times. 
As is shown in tables 7 and 8 the bugs frozen in the ice died in every 
case. Those in wire screens with water around them also died. Whereas, 
in the flower pots covered with an ice sheet, but with no water in contact 
with the bugs, only about 20 per cent of the bugs were killed. Those chinch 
bugs frozen in the gelatine capsules were killed to the extent of 60 per 
cent, and it should be mentioned here that the capsules which were only 
partially compressed by the ice contained more live bugs than those that 
were greatly compressed. 
TABLE 7. Mortalities obtained when chinch bugs were frozen in ice and under an ice 
sheet for 24 hours at - 6.6° C. (20° F.). Two hundred bugs in each group 
I II III 
Sample number 1 2 3 4 5 6 
P ercentage dead when protected 
by snow cover under ice 46.5 23.5 10.0 14.0 19.0 9.0 
Percentage dead when frozen in ice 100 100 100 100 100 100 
TABLE 8. Percentage of mortality obtained when chinch bugs confined in various 
types of containers were submerged and frozen for 24 hours at - 6.6° C. (20° F.) 
Bugs confined in Bugs confined in Bugs confined in 
~ screen cylinder gelatine capsules closed steel tube 
...... ~ Number Pctg. Number Pctg. Number Pctg. "' 't: alive dead dead alive dead dead alive dead dead E-< rn 
1 1 0 25 100 37 88 70.4 44 6 12.0 
2 0 25 100 55 70 56.0 40 0 20.0 
2 1 0 25 100 45 80 64.0 
I 
30 20 40.0 
2 0 25 100 42 85 68.0 44 6 12.0 
3 1 0 25 100 43 82 64.8 
I 
43 7 14.0 
2 0 25 100 62 73 58.4 42 8 16.0 
Apparently, then, one of the factors responsible for the death of the 
bugs when frozen in water, under these conditions, is their compression 
by the stress forces in the ice and not temperature or lack of oxygen. 
However, lack of oxygen might eventually kill the few bugs not killed by 
pressure. The survival of the bugs frozen in the brine mixture where the 
ice was mushy in character lends support to this view. 
When clumps of bunch grass sod (approximately 2 inches in diame-
ter) containing overwintering bugs were immersed in water and frozen 
for a 48-hour period at - 6.6° C., the results were somewhat different. 
Here, as is shown in table 9, only 51.0 to 60.3 per cent of the bugs were 
killed by freezing in ice at this temperature. It was noted, however, that 
as the water froze, air bubbles were forced from the stems of the plants, 
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TABLE 9. Mortality obtained when chinch bugs in a clump of sod were frozen for 48 
hours 
Sample 
1 
2 
3 
Frozen at - 6.6° C. 
Number 
alive 
61 
23 
54 
dead 
92 
37 
59 
Percentage 
dead 
60.3 
61.6 
51.0 
Frozen at -17.7° C. 
Number 
dead 
106 
116 
39 
Percentage 
dead 
98.l 
97.5 
97.5 
from the turf, and from the soil itself, and it seems possible that this re-
duced the pressure and stresses which might otherwise have developed, 
thus somewhat decreasing the mortality. In this experiment several bugs 
which floated out of the turf were subsequently frozen into the ice and 
some of these survived. When another series of sods from the same source 
were submerged in water and frozen for 48 hours at -17.7° C., the mor-
tality was found to be much higher, ranging from 97.5 to 98.1 per cent 
dead (table 9). In this case the low temperature was undoubtedly respon-
sible for the increased mortality. 
Samples of sod which were partially imbedded in ice formed by the 
freezing of standing water yielded a high percentage of dead bugs in every 
case; whereas, other parts of the same sod, which were comparatively dry 
and free from ice, often yielded a larger percentage of live bugs. 
Sods coated with ice as the result of a sleet storm usually yielded a 
comparatively high percentage of live bugs. In this case it is not improb-
able that the gradual building of an ice sheet from the group up eliminated 
much of the pressure which would have resulted from the freezing of 
standing water. 
DISCUSSION 
The data presented show that the ability of chinch bugs to withstand 
freezing temparatures is comparatively low and that the minimum tem-
peratures normally recorded for Iowa and other "Corn Belt" states usually 
are sufficiently low to produce practically a 100 per cent mortality of un-
protected overwintering bugs. 
Under field conditions the insulation afforded by an accumaltion of 
dead grass, leaf mulch and snow cover is therefore an important factor 
in checking winter mortality. The importance of insulation in modifying 
the effect of freezing temperatures has been previously demonstrated 
by Mail (1930), Holmquist (1931) and others, all of whom have worked 
with insects other than the chinch bug. 
The environmental conditions surrounding a chinch bug seem to 
have an important influence upon its ability to withstand low tempera-
tures. Within certain limits, dehydration increases the resistance of the 
bugs, and, conversely, the imbibition of water shortly before exposure 
decreases their resistance. 
The formation of an ice sheet usually means death to those chinch 
bugs which are frozen into the solid ice, but chinch bugs below the ice 
sheet might be affected in either of two ways: (1) If water below the film 
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of ice drained away leaving an air space, insects in the turf below might 
benefit by the formation of the dead air space above them; (2) if water 
fills all or most of the air spaces in the leaf mulch or other natural protec-
tian and then freezes into ice, the insulating value of the mulch might be 
greatly reduced. 
Factors other than temperature and humidity may also have an im-
portant bearing upon the winter hardiness of the chinch bug. Paine 
(1929) and Grossman (1931) have presented some evidence which indi-
cates that undernourished insects may be less resistant to low tempera-
tures than normal individuals. It is also possible, though not demonstrated, 
that variations in the length of adult life prior to entering hibernation 
might influence the winter hardiness of the bugs. 
SUMMARY 
1. Chinch bugs collected from different sources varied in their re-
sistance to low temperature exposures. 
2. Bugs secured from the same locality at various times during the 
winter showed considerable variation in susceptibility to cold . 
.13. When bugs were exposed for a long period at a constant tempera-
ture of - 12.2 or - 17.7° C., the percentage of mortality increased rap-
idly for about the first 10 hours and after that the increase was less rapid. 
4. Precooling at sublethal temperatures increased the bugs' resist-
ance to temperatures between - 7 and - 15° C., but the mortality result-
ing from exposures to lower temperatures was not significantly different 
from that obtained by instant exposures. 
Vs. When the temperatures were lowered by steps, a definite increase 
in resistance to fairly low temperatures (- 7 to 12° C.) was noted, but 
this effect was gradually overcome as the exposure was prolonged. 
6. Dehydration produced by brief exposures at low relative humid-
ities increased the resistance of the bugs. 
7. Chin ch bugs which drank water were less resistant to low tem-
peratures than those which did not. 
8. At 0° C. bugs held at high relative humidities lived longer and 
lost less weight than bugs held at low relative humidities. 
9. Chinch bugs submerged in water at 0.0° C. showed a 60 per cent 
mortality after a 22-day period. 
10. Freezing chinch bugs in solid ice proved to be fatal in most in-
stances. 
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Pseudosinella violenta (Folsom), one of the commonest springtails 
in the vicinity of Ames, Iowa, occurs under rocks, logs, rotting leaves, in 
ant nests and in the greenhouses where moisture content of the soil is 
high. 'When uncovered in its natural habitat, this white eyeless spring-
tail becomes greatly agitated and darts about from place to place, stopping 
and suddenly starting again. Because of this activity it has been referred 
to as the "Scooter" (Folsom, 1924). It ranges throughout the United 
States, having been recorded from Arkansas, California, Illinois, Indiana, 
Louisiana, Massachusetts, Minnesota, New York, Tennessee, Texas, Utah 
and Washington (Mills, 1934). 
ECONOMIC IMPORTANCE 
Spencer and Stracener (1929, 1930) found that this insect does con-
siderable damage to sugar cane in Louisiana by making pits in the roots 
and by gnawing off practically all of the side roots, and thereby retarding 
cane-sprout growth by fourteen per cent in approximately nine weeks. 
The presence of an abundance of humus in the test cages did not prevent 
injury to the sugar cane roots. They found also that this insect "causes a 
marked reduction in growth and final weight and a slight reduction in 
percentage of sucrose." 
Ingram (1931) observed P. violenta (Folsom) "grazing" upon root 
hairs of the cane plant. In his experiments this springtail multiplied very 
rapidly on a diet restricted to newly cut cane stalks, and a population of 
ten increased to two hundred fifteen in seven and one-half weeks. An 
original colony of ten, when fed on soaked corn, multiplied to 3,437 in a 
period of eight and one-half weeks, and in another experiment, where 
four parched peanuts served as the only source of food, to 3,554 in seven 
and one-half weeks. 
During his experiments Ingram observed the springtails feeding upon 
a fungus which grew on the peanuts. In the writers' experiments, how-
ever, the fungus growths were not eaten or damaged in any way. The 
peanuts were first pitted and eventually consumed, but if any portion 
of them was covered with fungus, that part was left untouched. The re-
sults were identical when wheat was used as a food. 
Folsom (1933) concludes that "Collembola are of minor importance but 
are more important than is generally known." He lists P. violenta as one 
of the forty springtails which are known to be injurious. An individual 
springtail does not cause great harm, but the combined efforts of many 
of them tend to have a pronounced effect on the plant as a whole. 
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TECHNIQUE USED IN REARING 
Since this insect is very small and active and requires a high amount 
of relative humidity, it was necessary to use special containers for rearing 
and observing it. In one method tried specimens were placed in short 
lengths of glass tubing, the ends of which were plugged with cellu-cotton. 
This was not satisfactory because moisture tended to condense on the 
inside of the tubing, resulting in the drowning of the insects. Cotton was 
substituted for cellu-cotton but it was found that the springtails would 
become entangled in the fibers and break their antennae and legs. 
Thereafter, the following and more successful technique was used 
throughout the tests. A short piece of glass tubing one-half inch in diame-
ter was covered on one end with silk bolting cloth held in place by a rubber 
Fig. 1. The modified 
aspirator used in 
handling the living 
springtails. Note the 
silk bolting cloth cov-
ering the end of the 
glass tubing is held in 
place by the rubber 
tubing. 
band. A cork was used in the opposite end. Soil and 
the insects were enclosed and the vial numbers were 
written directly on the corks. An improvised aspir-
ator or suction apparatus was found best for cap-
turing the insects and transferring them from one 
vial to another. The aspirator was bent and en-
larged in a flame. The bend prevented the insect's 
returning through the nozzle when it was turned 
down into a vial or on to the soil, while the bulbous 
portion acted as a reservoir when many were cap-
tured (figure 1). 
Eggs were obtained by placing from ten to twenty 
springtails in a vial containing soil from their nat-
ural habitat. These insects were removed the next 
day and the eggs were left in the soil in the same vial 
or were sorted into other vials with a camel's hair 
brush under a binocular microscope. 
The vials were supported over solutions of potas-
sium hydroxide of predetermined strengths in closed 
moisture chambers in order to obtain the desired 
relative humidities (Buxton, 1931). The moisture 
chambers were kept in constant temperature cabi-
nets and were removed only for the short intervals 
necessary for making observations. 
REACTIONS TO ENVIRONMENT 
When these insects are uncovered in their native 
habitat they are extremely agitated and do not stop 
until they are under some projecting piece of soil or 
other object. This action leads one to suspect that 
negative phototropism is a strong factor in producing 
responses. However, the writers' studies convinced 
them that positive thigmotropism is a greater factor. It was discovered 
accidentally that they would retreat under a microscope cover glass and 
appear as contented and as quiet as if they were under an object which 
would reduce the amount of light. When the springtails were in glass vials 
where there was soil they preferred to stay close to the source of light. 
If nothing was provided for them to use as a retreat they would run about 
very energetically and they would not live long. 
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The springtails would not stay in contact with one another. If one 
would get too close to another the antennae were used to strike the in-
truder away. 
The only external sexual differentiation found in this insect was the 
shape of the genital aperture. That of the male was rounded and was 
situated on a setiferous biscuit-shaped papilla, while the female opening 
was merely a transverse slit which had enlarged anterior and posterior 
lips free of setae. These characteristics could be seen only in cleared spe-
cimens and by using a compound microscope. Copulation was not ob-
served at any time. 
One hundred offspring of five females were examined and only thirty-
five proved to be males. One hundred individuals in the adult instar (head 
width .033 mm.) were taken at random in the insectary greenhouse and 
then confined in the same vial for forty-eight hours. At the end of this 
time each was isolated in a vial which thereafter was examined daily for 
eggs. At the end of a two-day period the insects were again placed to-
gether for two days in order to increase the possibility of fertilization. 
They were then reisolated for two days. This procedure was repeated 
until eggs were laid or until death resulted. Of these one hundred indi-
viduals only seventy laid eggs. The remaining ones were counted as males, 
although some may have been sterile females. 
The egg laying process was peculiar. The female would stretch her 
body backwards as far as possible without losing her foothold. Soon 
afterwards, exuding from the genital aperture, the egg appeared as a 
shapeless mass which assumed a spherical form and hardened in a few 
seconds. She lowered her abdomen until the sticky egg adhered to a par-
ticle of soil and then she pulled away from it. She turned, stroked the 
egg once or twice with her antennae, nibbled at it and then left it with-
out further care. This process corresponds to that of another spring-
tail, Sminthurus viridis (L.) as described by Davies (1928). Females 
usually laid an average of eleven eggs a day and then there ordinarily 
followed a period during which no eggs were laid. The average total 
number of eggs laid by one female was forty-five. 
HATCffiNG 
The eggs remained in contact with the soil until hatching. As de-
velopment took place, the average diameter of the eggs increased from 
0.16 mm. to 0.19 mm. (Plate I, 9-10). 
The hatching insects split the chorion by extending and flexing the 
body. As soon as the legs were freed they were used for jerking the rest 
of the body out of the shell. In dry conditions it was not unusual to see an 
emerging springtail with empty shell dragging behind, attached to the 
furcula. The newly emerged insects averaged 0.56 mm. in length (Plate 
I, 11, 1). Other springtails would nibble at the exposed parts of the body 
when it was still moist. No setae disappeared and the young one did not 
seemed to be harmed while this "caressing" was taking place. 
ECDYSIS 
Before ecdysis, or molting, took place, the body turned an opaque 
white color. The insect usually attached its feet to the soil and moved the 
thorax up and down until the old skin began to split along the mid-dorsal 
region of the thorax. This continued until the thorax, head, antennae and 
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first two pairs of legs were freed, which required about ten to twenty 
minutes. After resting, without moving, for about five minutes, the ani-
mal attempted to free the rest of the body. Others nibbled at the new 
skin as they did during the hatching process. In fact, some of the spring-
tails were observed to peel back some of the old skin to expose a fresh 
area. This seemed to hasten the shedding. The springtails would some-
times free themselves of the exuviae by crawling through the soil. 
The whole moulting process normally would be completed within an 
hour (Plate I, fig. 8). 
RESULTS OF EXPERIMENTS 
THE LENGTH OF THE EGG STAGE IN LOW HUMIDITY 
Experiments were undertaken to determine whether a low or high 
humidity was more conducive to the hatching of the eggs. The tempera-
ture used throughout these tests was 30° C. 
In the first tests, eggs were left in 100 per cent relative humidity. The 
average length of time required for hatching was six days. Ninety-four 
per cent hatched. 
Other eggs were placed in 90 per cent relative humidity. Sixteen 
days were required and only 50 per cent hatched. Of this number very 
few of the nymphs were able to extricate their entire bodies and the ones 
which did so died shortly afterwards. No eggs hatched when left in 80 
per cent relative humidity. 
THE LENGTH OF EGG STAGE AFTER REMOVAL FROM LOW HUMIDITIES 
Eggs were placed in low humidities for five days and then removed 
to 100 per cent relative humidity at 30° C. Figure 2 shows graphically 
the results of these experiments. The graph indicates that as relative 
humidity decreased the length of the egg stage increased, while the per-
centage of hatching decreased. Below 50 per cent relative humidity the 
eggs ceased to be viable. 
In figure 2 the unshaded areas 
.. represent the length of time the 
r° eggs were subjected to the various ~~ 06 relative humidities. The solid black ~00 ~~ areas indicate the length of time re--~ ~"' -x quired for hatching. 
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Fig. 2. An analysis of the effect of drying 
on the length of time required for develop-
ment in the egg stage. 
THE LENGTH OF EGG STAGE AT VARIOUS 
TEMPERATURES 
Ten vials, each containing ten 
eggs, were placed in constant tem-
perature boxes and subjected to 
temperatures of 25° C., 30° C., 35° 
C., and 36.7° C., each group being 
kept in 100 per cent relative humid-
ity. The results are tabulated in 
figure 3. One can see that of the temperatures used, 30° C. approaches 
nearest the optimum for development. At this point the percentage hatch-
ing was higher and the length of time required for hatching was shorter 
than at any other. Lower and higher temperatures lengthened the period 
of development. 
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Fig. 4. Time-temperature curve for devel-
opment of eggs of P. violenta. (Each point 
represents the average of 100 eggs.) 
Figure 4 pictures in a more condensed form the averages of the re-
sults shown in figure 3. In this graph one can see that 30° C. approaches 
nearest the optimum for development of the eggs of the temperatures used. 
THE LENGTH OF TIME REQUIRED FOR NYMPHAL DEVELOPMENT AT DIFFERENT 
TEMPERATURES 
In this experiment four hundred newly hatched nymphs were used. 
Ten of these were allotted to each vial, and ten vials, or one hundred 
nymphs, formed one group. These four groups were subjected to tem-
peratures of 25° C., 30° C., 34° C., and 36.7° C., respectively. Since it is 
difficult to determine accurately when a springtail is mature, the period 
required for maturity was measured from the time of hatching until eggs 
appeared in the vials. The results are shown in figure 5. 
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Fig. 5. Time-temperature curve for 
the development of nymphs of P. 
violenta from hatching until matur-
ity. (Each point represents the aver-
age of 100 individuals.) 
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Fig. 6. Percentage of survival in various 
humidities. 
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LENGTH OP' INSTARS 
An attempt was made to measure the living insects at daily intervals, 
but they were so very active that it was impossible to keep them in the 
focus of the microscope long enough to make the required measurements. 
Just enough anaesthetic was given to make them sluggish, but this had a 
harmful effect on them. They were not as active afterwards and they 
lived but a few days. These two methods were therefore discarded, and 
the following method was used. 
A large number of eggs was placed in a vial at 30° C. and, as they 
hatched, the nymphs were changed to other vials. Complete data were 
kept on the ages of these insects. Twenty-five of them were taken out 
every day as a sample, and the widths of their heads were measured after 
the insects had been killed in alcohol. In table 1 the results are shown 
tabulated to Dyar's law (1890). 
Maclagan (1932) found that the lucerne flea, Smynthurus viridis 
(L.), has seven nymphal instars and an imago. The writers found that 
Pseudosinella violenta (Fols.) has only six instars and an imago (Plate I, 
1-7). The width of the head was used for the measurements and a cali-
brated oculater micrometer scale was used in a compound micriscope 
for measuring. 
Observed 
width in mm. 
.12 
.14 
.18 
.21 
.25 
.28 
.33 
TABLE 1. Measurements of instars 
Ratio of 
Increase 
1.166 
1.289 
1.111 
1.190 
1.120 
1.178 
Theoretical width in mm. (calcu-
lated from Dyar's factor, 1890) 
.12 X 1.175 equals .141 
.141X1.175 equals .165 
.165 X 1.175 equals .194 
.194 X 1.175 equals .228 
.228 X 1.175 equals .268 
.268 X 1.175 equals .315 
1.175 average ratio of increase 
Ins tar 
1st 
2nd 
3rd 
4th 
5th 
6th 
Imago 
The observed widths were reasonably close to the calculated widths. 
The greatest difference was 0.3 mm. 
The average length of time spent in each stadium is shown in the fol-
lowing table. 
TABLE 2. Duration of stadia (30° C., 100 per cent relative humidity) 
Ins tar I II III IV v VI 
Time (in days) 1 1 1 2 2 3 
More time was spent in the sixth stadium, probably due to the sexual 
development at this period. 
THE LENGTH OF LIFE OF ADULTS IN DIFFERENT HUMIDITIES 
The insects were subjected to percentages of relative humidity from 
100 down to 20 per cent. Units of one hundred individuals w:ere used for 
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each humidity. These one hundred were divided into groups of ten in a 
vial without soil for convenience in counting (figure 6). 
Observations were made at five minute intervals and a careful record 
was kept of the number of deaths in each container. It is to be observed 
that there is a distinct difference between the number surviving in 100 
per cent and in all relative humidities below 100 per cent. 
SUMMARY 
A special technique is described for handling the small soft bodied 
insects. A modified "aspirator" was used. 
Observations show that positive thigmotropism is stronger than nega-
tive phototropism. 
The sex ratio of one hundred individuals taken at random in the In-
sectary greenhouse was 70: 30, females and males, respectively. One hun-
dred offspring of five females were examined and thirty-five were males. 
Copulation was not observed at any time. 
Other individuals were seen to "graze" on the moisture on the sur-
face of hatching nymphs and on moulting springtails. 
There were six nymphal instars. · 
Experiments showed that: 
1. One hundred per cent relative humidity is the most favorable 
for hatching and development. 
2. Thirty degrees Centigrade was the optimum temperature of those 
used in the experiments. 
3. At 30° C. and 100 per cent relative humidity the length of the egg 
stage was five days. The nymphal stages lasted ten and one-half 
days in the same humidity and temperature. 
When eggs were placed in low relative humidities for five days 
and then removed to optimum conditions, the length of the egg 
stage was increased and the viability was decreased. 
The adults required a one hundred per cent relative humidity or 
had to go to a saturated soil frequently in order to thrive. 
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1. First instar nymph. 
2. Second instar nymph. 
3. Third instar nymph. 
4. Fourth instar nymph. 
5. Fifth instar nymph. 
6. Sixth instar nymph. 
7. Imago. · 
PLATE I 
EXPLANATION OF PLATE 
8. Third instar nymph undergoing ecdysis (molting). 
9. Newly laid eggs. 
10. Eggs just before hatching, seen from various angles. 
11. Two hatching nymphs. The upper figure shows a nymph emerging, posterior end 
first, and the lower figure shows a nymph emerging, anterior end first. 
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PLATE I 

MITOSIS OF CIRCULATING CELLS IN THE HEMOL YMPH OF THE 
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Most researchers who have made more than cursory examinations 
of insect body fluids record observations of indirect division among the 
circulating amebocytes found in the hemolymph. Among these workers 
are Cuenot (2), Metalnikov (6), Poyarkoff (11), Barrott and Arnold (1), 
Hollande ( 4), Paillot (10), Muller (8), Muttkowski (9), Iwasaki (5), 
Miall and Denny (7), Yeager and Tauber (17), Tauber and Yeager (12), 
Yeager, Shull, and Farrar (15), and others listed by Tauber (13) in a sur-
vey of the more important publications dealing with this subject. Taylor 
(14) has also noted the occurrence of karyokinesis in cultures of hemo-
lymph cells taken from another roach, Periplanata americana. Haber 
(3) , alone, reports negatively on Blatella germanica, the croton cock-
roach: "During my investigations I have not seen mitosis although I have 
rather closely examined several hundred smears." 
Few reports on the quantitative values for the number of dividing 
cells in insect hemolymph have been made. Paillot (10) found that the 
normal mitotically dividing cell occurrence was from three to four per 
thousand cells in immature Euproctis chrysorrhoea. Iwasaki (5) counted 
one to two mitotically dividing cells per thousand in the hemolymph of 
normal Galleria mellonella larvae. Yeager and Tauber (17) state that 
the average mitotically dividing cell (M. D. C.) count was found to be 
0.51 per cent, or approximately five karyokinetic cells per thousand cells 
counted, in the hemolymph from Periplaneta fuliginosa, a semi-tropical 
roach. This paper reports the values of M. D. C. counts in hemolymph 
samples taken at various intervals from isolated specimens of Blatta 
orientalis. 
MATERIALS 
Specimens of the roach, Blatta orientalis, were collected either in 
Ames, Iowa, or were shipped in from collectors in Kansas or Mississippi. 
No attempt was made to keep the different groups separate; all insects 
captured or sent to Ames were placed together in large stock cages. Fresh 
water and food, in the form of whole-wheat bread and well-ripened 
banana, were supplied regularly. Before being used for counts, all speci-
mens were allowed to remain in the stock cages for several weeks of 
acclimatization to laboratory conditions. Insects intended for counts 
were selected randomly from the stock colony, placed in a glass jar, and 
kept under close observation for an additional ten to fourteen days while 
given access to the usual stock diet. All sluggish or injured individuals 
were removed. A second period of observation followed when individual 
specimens were isolated in 125 cc. Erlenmeyer flasks and observed for 
another week before actual determinations began. Small amounts of the 
customary food were supplied each animal in its individual container. 
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Since no separate source of water was available, the pieces of bread were 
well moistened before being placed into the flasks. The mouth of each 
container was covered with cheese-cloth held in place by a rubber band. 
Each insect was transferred daily to a clean flask and a new supply of food. 
To prevent too rapid drying of the food, the small flasks were kept in a 
large, loosely covered glass aquarium. 
To dilute the hemolymph and to stain the cells in the temporary 
mounts prepared for the mitotic counts, the following stock solution was 
made: to one liter of distilled water were added 4.7 grams sodium chlor-
ide, 0.11 gram potassium chloride, 0.11 gram calcium chloride, and 0.005 
gram gentian violet. This was heated gently until the dye completely 
dissolved. When prepared for use, 0.25 cc. of 10 per cent acetic acid was 
added to 20 cc. of the stock solution. The acid prevents cell coagulation 
and fixes the cell protoplasm so that structures in the stained amebocytes 
are more easily visible. 
To allow use of an oil immersion lens and to prevent drying of the 
diluted hemolymph preparation, the clear mineral oil, known commer-
cially as "Nujol," was employed. 
TECHNIQUE 
To make the hemolymph cell counts the following technique, modi-
fied from Yeager and Tauber (17), was used: Upon a clean glass slide 
was placed a large drop of mineral oil. Into this drop was placed a small 
drop of the diluting-staining solution described above. This droplet was 
made to settle to the top of the slide. A tiny sample of antenna! hemolymph 
(obtained by clipping with scissors) from the insect was quickly placed 
into the colored solution and immediately stirred with a dissecting needle 
to distribute the cells throughout the droplet. No coverslip was used, but 
to prevent evaporation, the diluted, stained hemolymph was covered with 
a film of the surrounding mineral oil, which also thus served as immersion 
oil for the microscope lens. The preparation was not disturbed for several 
minutes to allow the cells to settle to the slide. Cells were then counted 
randomly, using oil immersion of approximately 1,000 diameters magnifi-
cation. As the count progressed, the number of cells in prophase, meta-
phase, anaphase, and telophase was noted. Experience and tests showed 
that a count of two thousand cells was sufficient to obtain an accurate fig-
ure for the percentage of dividing cells. Determinations made on counts 
of less than two thousand are likely to be erroneous. A count of 2,500 or 
more produces results of no significantly greater accuracy than those 
from two thousand cells. 
RESULTS 
Two groups of animals were used during the course of these re-
searches. Group I of thirty specimens was made of individuals kept dif-
ferent lengths of time, varying from ten days to 132 days. M. D. C. counts 
were made at various intervals--sometimes daily, sometimes every 48 
hours, sometimes every 72 hours, and so on, but rarely was a period as 
long as five days allowed to elapse between counts. Data from this group 
are contained in table 1. Group II was made of 125 animals kept for five 
days only. Three counts were made on each roach: on the first, third, and 
fifth days. Summaries of pertinent data from these counts are given in 
table 2. 
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TABLE 1. Summary of mitotically dividing cell (M.D.C.) percentages from thirty 
animals in Group I 
Cells 
count- M.D.C. 
Descrip- Counts Days ed M.D.C. range average 
Animal number ti on made observed (xlO' ) (%) ( o/o ) 
621 '1 Nymph 25 48 50 0.00-0.40 0.166 
623 " 29 71 58 0.00-0.45 0.162 
727 " 25 29 50 0.15-0.35 0.250 
728 " 17 22 34 0.05-0.45 0.229 
621,623,727,728 " 96 170 192 0.00-0.45 0.203 
614 '1 Adult 19 38 38 0.10-0.30 0.205 
625 ,, 28 72 56 0.05-0.40 0.194 
725 " 20 33 40 0.05-0130 0.160 
614,625,725 " 67 143 134 0.05-0.40 0.186 
619 ~Nymph 73 132 146 0.00-0.50 0.202 
620 " 31 63 62 0.05-0.45 0.225 
624 " 17 42 34 0.05-0.40 0.211 
723 ,, 24 26 48 0.05-0.35 0.137 
619,620,624, 723 ,, 145 262 290 0.00-0.50 0.194 
622 ~Adult 26 48 52 0.05- 0.40 0.238 
721 ,, 17 26 34 0.05-0.35 0.188 
722 " 25 32 50 0.05-0.40 0.222 
622,721,722 " 68 106 136 0.05-0.40 0.216 
751 Sex and 10 11 20 0.05-0.30 0.140 
750 age not 19 23 38 0.00-0.30 0.176 
747 checked 11 13 22 0.10 - 0.35 0.200 
745 ,, 13 16 26 0.00-0.40 0.238 
744 " 14 20 28 0.05-0.40 0.203 
742 " 16 19 32 0.05-0.40 0.193 
741 ,, 15 19 30 0.00-0.40 0.216 
737 ,, 9 11 18 0.05-0.30 0.155 
.. 
733 ,, 17 27 34 0.05-0.35 0.200 
731 ,, 12 13 24 0.05-0.25 0.133 
730 ,, 14 19 28 0.05-0.35 0.153 
729 ,, 10 10 20 0.00-0.30 0.155 
726 ,, 11 12 22 0.05-0.20 0.127 
724 ,, 9 14 18 0.05 - 0.20 0.116 
675 ,, 9 12 18 0.00-0.30 0.133 
613 " 3 12 6 0.10-0.20 0.150 
All roaches of 
unknown sex 
and age " 192 251 384 0.00-0.40 0.172 
All roaches in 
Group I 
- 568 932 1136 0.00-0.50 0.186 
Certain facts in table 1 are particularly important and, for conven-
ience and clarity, need emphasizing. Altogether 568 counts of 2,000 cells 
each were made on the thirty roaches. The range of individual counts ex-
tends from 0.0 per cent to 0.50 per cent; the average M.D.C. count is 0.186 
per cent with a range from 0.116 per cent (animal No. 724) to 0.250 per 
cent (animal No. 727). Averages for male nymph~, male adults, female" 
nymphs, and female adults are, respectively, 0.203" per cent, 0.186 per 
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cent, 0.194 per cent, and 0.216 per cent. The average for all nymphs is 
0.198 per cent; for all adults, 0.201 per cent; for all males, 0.195 per cent; 
for all females, 0.203 per cent. 
Table 2 shows that the range of individual counts from the second 
group of 125 animals is also from 0.0 per cent to 0.50 per cent. The aver-
age from all the initial counts is 0.196 per cent; the average from all 
counts within the period of five days is 0.181 per cent. 
TABLE 2. Summary of data from 125 animals in Group II 
Cells M.D.C. 
Number of Description of Counts Days Counted M.D.C. average 
Animals count made observed (xlO' ) range(%) ( % ) 
125 Initial count 125 0 250 0.00-0.45 0.196 
Counts on 1st, 3rd 375 Each an- 750 0.00-0.50 0.181 
125 and 5th days imalfor 
5 days 
· Figure 1 consists of drawings of dividing cells in various stages. It 
will be noted that cells of different sizes were found to be engaged in the 
karyokinetic process. No effort was made to differentiate the mitotic cells 
so far as cell types or classifications were concerned. 
~~-~ 
~(~~ 
Fig. 1. Sketches of dividing cells found in roach hemolymph. 1, 2, 3, 4: early pro-
phases of large and small cells; 5, 6: metaphases; 7, 8, 9: early anaphases; 
10: late anaphase; 11, 12, 13: telophases; 14: two daughter cells about to 
separate; 15: an abnormally vacuolated cell in early telophase. (1,000 x) 
Figure 2 graphically shows the course of the percentage of M.D.C. 
counts for animal No. 619, which was kept under observation the longest 
length of time, namely, 132 days. The range of percentage is from 0.0 
per cent (that is, less than one dividing cell per two thousand cells 
counted) to 0.50 per cent. This range happens to be the widest encoun-
tered in any of the roaches in the first group. The average M.D.C. count 
from 75 samples is 0.202 per cent. 
The course of counts from three animals, No. 723, No. 727, and No. 
750, was selected for figure 3 to check the possibility that changes in lab-
oratory temperature might be a variable affecting the normal mitotic rate. 
Since counts were made any time between 7: 30 a. m. and 10: 00 p. m., and 
since the temperature was noted at each count, a fairly good check on 
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Mitotically dividing cell (M.D.C.) percentages from animal No. 619 kept un-
der observation for 132 days. 
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Fig. 3. Comparison of mitotically dividing cell (M.D.C.) percentage curves from 
animals No. 723 (A), No. 727 (B), and No. 750 (C) with laboratory tempera-
ture curves for the duration of observation. 
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room temperature fluctuations was obtained. The observations were made 
during a period of more than a year, consequently the range of tempera-
tures is rather wide, namely, 17° to 32° C. No correlation between varia-
tions in the percentages of M.D.C. counts and fluctuations in room tem-
perature is found. 
DISCUSSION 
Considering the large amount of data collected from 155 animals 
by means of 943 samples of hemolymph, it seems quite evident that the 
normal specimen of Blatta oriental-is, be it male or female, large nymph or 
adult, is quite likely to have a mitotically dividing hemolymph cell count 
somewhere within the limits of 0.0 per cent to 0.50 per cent, when based 
on a count of 2,000 cells. Counts of 0.0 per cent or 0.50 per cent are rare; 
the former occurring 20 times, the latter only three times in the 943 de-
terminations. 
The extent of the range of average counts, from 0.116 per cent to 
0.250 per cent, might lead one to suspect some factor or factors of influ-
encing individual insects. However, high and low averages were found, 
indiscriminately, among males, females, adults, and large nymphs, with 
no connection to the sex or age factors mentioned. Fluctuations in room 
temperature were also without apparent effect. Thus it seems that a high 
or low count is a specimen characteristic allied to individual variation, 
or is a response to controlling factors which have thus far not been iso-
lated. 
A significant feature to notice in tables 1 and 2 is connected with 
these figures: the average M.D.C. value of 0.186 per cent from the first 
group of thirty animals; the average of 0.196 per cent from the initial 
counts of the second group of 125 animals; and the average of 0.181 per 
cent from the 375 counts made on the same group of 125 roaches. The 
close agreement of these data provides a three-way check on the average 
M.D.C. count value, which can be said to lie, approximately, within the 
limits of 0.180 per cent to 0.200 per cent; the mean is about 0.190 per cent. 
As yet no explanation can be given for the changes in the M.D.C. 
percentages from day to day. One male nymph was kept for 71 days; 
another, 48 days. A male adult was studied for 72 days. Two female 
nymphs were kept for 132 and 63 days, respectively; a female adult for 48 
days. In only a few cases were the same M.D.C. percentages repeated from 
one count to the next. These specimens were in good condition as long 
as the counts were continued. Evidently the methods of handling, feed-
ing, caging, and counting were satisfactory. Moreover, their continued good 
condition and their M.D.C. counts which remained within the limits of 
0.0 per cent to 0.50 per cent, are indications that the slight necessary 
hemorrhages concomitant with taking of hemolymph samples, in them-
selves, did not produce any superficially evident damage to the insect, 
nor any harm or effect which might be reflected in the hemolymph pic-
ture. In a few cases among the 155 roaches studied the observations were 
terminated by death from undetermined causes. Usually, the taking of 
"normal" M.D.C. counts was stopped by certain physiological conditions 
such as ecdysis or ovipositions, whose effects on the hemolymph picture 
will be reported in a later paper. 
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So far as indicated by these studies, the M.D.C. values seem unrelated 
to age if restricted to large nymphs and active adults. No investigation was 
made of the counts at different instars, but in view of the changes that 
occur at molting, when the animal undergoes a period of rapid growth, it 
may be that younger roaches may have average M.D.C. percentages dif-
fering from those reported here. 
In classifying insect hemolymph cells some workers [See Tauber (13) 
for a review of this literature] have placed emphasis on the occurrence 
or non-occurrence of mitosis as a characteristic for separating cell types. 
Observations made in connection with this paper gave no results which 
might indicate that indirect division was confined to any particular class 
of amebocytes. All types which normally are present in the hemolymph 
stream seemed to divide karyokinetically. To classify cells from the hemo-
lymph of Blatta orientalis other distinguishing differences will need to be 
utilized. 
The presence or absence in insects of definite, fixed hemolymph cell 
producing organs or tissues has also been a matter of dispute among cer-
tain of the leading workers already referred to. Since no histological 
proof has yet been presented to show the presence of a real hematopoietic 
organ, supporters of the belief that there is such an organ somewhere in 
the insect body point to the low percentage of mitotic cells, which can be 
found in the circulating hemolymph, as an indication that those divisions 
would be too few to replace cells lost through age, disease, cytolysis, or 
other means. However, if the following assumptions are made, an inter-
esting argument can be presented against that view: 
1. That the hemolymph volume of a large nymph or an adult Blatta 
orientalis is about 30 cubic millimeters. [Yeager and Tauber (16) found 
that the total hemolymph volume of Periplaneta fuliginosa, a slightly 
larger roach, was approximately 35 cubic millimeters.] 
2. That the hemolymph cell population in B. orientalis is about 32,500 
per cubic millimeter. [Tauber and Yeager (12) found that the average 
hemolymph cell count from 125 specimens of this species was 32,858 cells 
per cubic millimeter.] 
3. That about 0.2 per cent of the hemolymph cells are dividing. 
(Approximately the average figure reported in this paper.) 
4. That a free, ameboid cell, such as a hemolymph cell in an insect, 
when ready to undergo mitosis, can complete the division within three 
hours. (Most cytology texts state that a division of a cell of this type is 
completed in about one hour.) 
'!'hen, by simple calculation, it can be determined that within a three-
hour period at least 2,000 cells might be produced in the normal roach 
for the purpose of maintaining hemolymph cell population. Under certain 
physiological and pathological conditions this rate of replacement might 
b~ in~rea.s~d: C~rtainly it cannot be denied that the cells resulting from 
mitotic div1s10n m the hemolymph stream contribute considerably to for-
mation of new cells in the body fluid, even if there is present in addition 
an hematopoietic organ of some sort. ' ' 
CONCLUSIONS 
1. Based on a total of 943 hemolymph samples of 2,000 cells each 
from 155 normal, large lymphs or active adult specimens of the roach, 
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Blatta orientalis, this insect has a normal m.itotically dividing hemolymph 
cell count which ranges from 0.0 per cent to 0.50 per cent for individual 
sample determinations and from 0.116 per cent to 0.250 per cent for indi-
vidual animal averages. Individual sample counts of 0.0 per cent or 0.50 
per cent are rare. The general average is approximately 0.19 per cent. 
2. Although the count varies from day to day because of unknown 
reasons, the determined percentages are stable enough to fall within the 
normal limits and seemingly are not affected by age, sex, or :fluctuations 
in laboratory temperature. 
3. With methods described, specimens can be maintained for over 
130 days in good condition. The slight hemorrhages necessary to obtain 
hemolymph samples are not reflected in any changes in the hemolymph 
picture, so far as the karyokinetic cell population is concerned. 
4. Mitosis does not seem to be confined to any one or several types 
of cells. So far as could be determined in this work all kinds normally pres-
ent undergo indirect division. 
5. Cells resulting from karyokinetic division in the circulating 
medium of the roach contribute (perhaps without assistance from any 
fixed hematopoietic organ) to the maintenance of a total hemolymph cell 
population by the replacement of cells lost through age, disease, cytolysis, 
or other means. 
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In a recent bulletin by Erwin and Haber (4), the conclusion was ex-
pressed that two of the economic species of pumpkins--Cucurbita pepo 
and C. moschata-are native to North America, but the evidence as to the 
nativity of the third species, C. maxima, "remains an open question" and 
requires further consideration. In this paper consideration is given to a 
review of the evidence to date of C. maxima being indigenous to North 
America. 
Gilmore2 (6) stated that C. maxima "is found in tropical and sub-
tropical North America .... To the Southwest, whence came the crop 
plants of aboriginal culture in Nebraska, the remains in ruins sometimes 
reveal the identity of plants of ancient culture there. The occurrence of 
squash seeds in some of the mortuary bowls is important, indicating the 
ancient use of this vegetable for food." He also directs attention to the 
fact that the term squash is a familiar one among the Indians. Gilmore (7) 
reports also C. maxima as one of the species identified by him in the vege-
tal remains of the Bluff-Dwellers culture in the Ozarks. 
Densmore (3) in a "List of Plants Used as Food by the Chippewas" 
includes Cucurbita maxima, but he submits neither evidence nor author-
ity for the statement. 
Gilmore's conclusions found apparent support from two sources. The 
term squash is of Indian origin and finds expression in their ancient re-
ligious rites; moreover, the name squash or Patun is a familiar family 
name among the Hopi. Historically the term squash as applied to plants 
by the Indians is generic rather than specific in its application, and as 
noted by Bailey (1) , "The term squash does not have a botanical impli-
cation, but historically it was probably associated mostly with forms of 
C. pepo." Secondly, Gilmore (6) reported the identification of C. maxima 
in vegetal remains recovered in archeological surveys made in the 
Southwest. The allusion in this case, though not stated, is apparently to 
the findings of Waugh (8). The report by Waugh (8) of the determination 
of C. maxima from southwestern United States is the only record found 
by the writer. 
Through the courtesy of Curator S. J. Guernsey the author secured 
for examination the Waugh specimens bearing the Peabody Museum label 
No. A1252. These seeds, Mr. Guernsey advises us, were found in a jar in 
a cliff-house cave in Sayodneechee Canyon in northeastern Arizona. The 
seeds embrace two types. The majority of the specimens are C. moschata. 
The fimbricated margin of a darker color than the body clearly identifies 
them as this species. The second type is not typical C. moschata. The mar-
1 Journal Paper No. J351 0£ the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 298. 
•Plate 28 of this paper shows pictures of two varieties of C. maxima, with the sub-
title "Varieties of squashes and pumpkins cultivated by tribes of Indians of Nebraska 
from immemorial time." 
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gin is not definitely funbriated but has the appearance of a thread-like 
mass being matted down and both the body and the border are of the same 
shade of light brown color. The opinion of the writer is that the character 
of the margin precludes the possibility of this type being C. maxima, and 
the truncate instead of oblique seed scar lends support to this point of 
view3• The lack of a more clearly defined margin may be attributed to the 
manner of gathering the seeds while immature. Numerous other speci-
mens of peduncles, rinds and seeds have been recovered in this general 
region, but no evidence of C. maxima has appeared. 
Under the leadership of Mr. Mark Harrington of the Museum of the 
American Indian, the remains of a pre-Columbian culture have been dis-
covered in the Ozarks of southwest Missouri. Below these remains he 
found a stratUm of still older level, designated by him as the Bluff-Dweller 
culture. Similar and even more extensive explorations have been made 
covering the same geological formation in northwestern Arkansas under 
the direction of Prof. S. C. Dellinger of the University of Arkansas. These 
explorations have brought to light a considerable quantity of well-pre-
served vegetal remains. Gilmore (7) , who has studied widely in the field 
of ethnobotany, in commenting on the Bluff-Dweller material, states "that 
even though the rock shelters are situated in a region of fairly humid 
climate, their physical structure is such that the exteriors of most of them 
are extremely dry ... so that the organic remains have been perfectly pre-
served." In these collections are found numerous specimens of cucurbits, 
and in the list of plants determined by Gilmore, C. maxima is included. 
Through the courtesy of Dr. Dellinger the writer was afforded opportun-
ity to study the Arkansas Bluff-Dweller material at the University of 
Arkansas, where it is now stored. Well-preserved specimens of seed, rind 
and pedicels of cucurbits from numerous localities are found in this col-
lection, all of which so far observed by the author are C. pepo; however, 
it was disappointing that no specimens of C. maxima were found in the 
Ozark Bluffs material4 • 
In southern Mexico, cucurbits abound. In the primitive regions the 
blossoms, rind and seed are a staple article of food and are used in in-
numerable ways strange to us. This region is regarded by many students 
as the probable home of several species of cucurbits. In a visit to this 
territory during the winters of 1934 and 1936, the writer was impressed 
by the fact that in the more remote sections all of the varieties observed 
belonged to either C. pepo, C. moschata or C. ficifolia. Next in importance 
to maize as a food, cucurbits of some variety were found to be used every-
where. In numerous village markets were observed specimens of cucurbits, 
none of which were C. maxima. Likewise, cucurbit seed offered for sale 
in these markets were examined with similar results. 
Roasted pumpkin seeds are eaten in many parts of Mexico much as 
peanuts are in this country. Some varieties of C. maxima, such as King 
of Mammoth, produce seed fully one-half larger than in other species of 
'Since this paper was written, specimens were submitted to L. H. Bailey, who 
identified them as C. moschata. Letter to author under date of Dec. 12, 1935. 
• Since the above article was written, the author is in receipt of a letter under date 
of Nov. 21, 1935, from Dr. Gilmore, in which he advises that, having made a more ex-
tended study of this material, . . . "C. maxima, I do not find in the Ozark Bluff-
Dweller remains." 
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pumpkins and hence are particularly adapted for roasting; but the writer 
was unable to locate any of this species so used. 
This survey was made in a trip by auto, covering 1,000 miles, and 
many interior villages were visited, including the extensive public market 
at Oaxaca. Mexico is a country of numerous valleys and such a wide 
range of climate that any generalizations as to crops needs to be made with 
extreme caution. However, all efforts to locate C. maxima in the primi-
tive regions of Mexico were wholly negative. This observation as regards 
Mexico coincides with the statement of Zhiteneva (9), who, in discussing 
the nativity of this species, says, "C. maxima occupies South America, 
Peru and Bolivia, not transgressing to the North." 
An examination by the writer, of plant material recovered from mort-
uary bowls from the archeological explorations at Metia and Monte Alban 
under the direction of Dr. Alfonse Caso, failed to reveal C. maxima, 
though the preservation of this material has been affected by the presence 
of moisture. In the National Archeological Museum of Mexico are found 
clay models of pumpkins (natural size), classed as belonging to the an-
cient civilization of the Tarrascans, and also incense burners ornamented 
with pumpkin flowers, which specimens are identified by Dr. Guillermo 
Gandara (5) as C. pepo and C. moschata. The significant fact should be 
noted that C. maxima is not represented. However, Dr. Gandara regards 
the pipian pumpkin, a pre-Cortesian food plant of Mexico, as a cross be-
tween C. maxima and C. moschata and therefore deduced that if pipian 
existed, C. maxima, one of its progenitors, must have also existed; a hy-
pothesis in which the writer does not concur, because the studies (4) 
made of species hybrids of cucurbits show clearly that such crosses evi-
dence pronounced manifestations of impotence. 
Wittmac regards C. maxima as of South American origin and reported 
to De Candolle (2) that seeds recovered from the tomb of Ancon, near 
Lima, Peru, had been "certified by M. Daudin as belonging to this species," 
and Zhiteneva (9) apparently shares this point of view. 
The writer is in receipt of historic cucurbit seeds from Professor 
Juilio C. Tello~, bearing the label C. maxima. These specimens are 
highly suggestive of C. maxima, but because of their age major portions 
of the testa had crumbled away, making exact determination difficult. 
Further archeological explorations, particularly in Peru, may bring to 
light additional cucurbit material, including pedicels, which would assist 
materially in determining the nativty of this species. So far as North 
America is concerned, the evidence to date is, this writer thinks, wholly 
negative in character and points to the conclusion that C. maxima is not 
indigenous to this country. 
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